N PS  ARCHIVE 
1966 
PALATINI,  G. 


\    1. 


ELECTROACOU5TSC  PROPERTIES  OF  MYLAR 

DIELECTRIC  UNDERWATEPx  SOUND 

TRANSDUCERS 

GLENN  LEE  PALATINI 


LIBRARY 

NAVAL  POSTGRADUATE  SCHOOL 

MOOTEREY.  CALIF.  93940 


This  document  has  been  approved  for  public 
releasQ  and  3al:^;  V"i   di3tri>:u":^n  ■;:!  vnlimitea/ 


5' 


&o 


ELECTROACOUSTIC  PROPERTIES  OF  MYLAR  DIELECTRIC 

UNDERWATER  SOUND  TRANSDUCERS 

by 

Glenn  Lee  Palatini 

Lieutenant  Commander jytlnited  States  Navy 

B.  S.,  United  States  Merchant  Marine  Academy,  1951 


Submitted  in  partial  fulfillment 
for  the  degree  of 
MASTER  OF  SCIENCE 
IN 
ENGINEERING  ELECTRONICS 
from  the 
UNITED  STATES  NAVAL  POSTGRADUATE  SCHOOL 
May  1966 


y 


ABSTRACT 
The  operation  of  the  electrostatic  transducer  with  mylar 
dielectric   as   a  transmitter  and   receiver  of   underwater   sound   is 
studied  theoretically  and  experimentally.      Transfer  functions 
based  on  equivalent   circuits  which  enable  transmitter  and   receiver 
sensitivities  to  be  determina^^Prai  computer  program  are   formula- 
ted.     The  values  of  the  transducer  parameters   are  theoretically 
postulated  and  then  experimentally  verified.      The  transfer  functions 
are  experimentally  verified  by   source  level  measurements   and  recip- 
rocity calibrations.      It   is   shown  that  a  transmitter-receiver 
combination  acts   as   a  frequency   independent    input-output  device 
over  a  wide  bandwidth. 
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Cq  =  blocked  diaphragm  electrical  capacitance  (F) 
€o  =  dielectric  constant  of  air 
Srr\  =  dielectric  constant  of  mylar 
i  =  transducer  electrical  current  (A) 
R  =  output  resistance  of  signal  source  (fl) 
Vq  =  external  polarizing  voltage  (V) 
V  =  signal  voltage  across  transducer  (V) 
Zg  =  blocked-diaphragm  electrical  impedance  (.fl) 
Zm  =  open-circuit  mechanical  impedance  (kg/sec) 
Zj.  =  acoustic  radiation  impedance  (kg/sec) 
s  =  transducer  mechanical  stiffness  (N/m) 
r  =  transducer  mechanical  resistance  (kg/sec) 
m  =  diaphragm  mass  (kg) 
f  =  mechanical  force  (N) 

d  =  effective  depth  of  air  cushion  behind  diaphragm  (m) 
JL    -   thickness  of  mylar  film  (m) 

Xq  =  d  + A  =  displacement  of  film  with  bias  applied  (m) 
X  =  incremental  displacement  of  film  (m) 
u  =  dx/dt  =  velocity  of  film  (m/sec) 
a  =  transducer  radius  (m) 
A  =  transducer  area  (m^) 
c  =  speed  of  sound  in  the  medivim  (m/sec) 
^  =  density  of  medium  (kg/m-^) 
Ca^  =  frequency  (rad/sec) 


1.   Introduction 

The  condenser  microphone  has  been  well  known  for  its  stability 
and  flat  frequency  response  since  its  development  by  Wente  in  1917 
[l]  .  Its  major  disadvantage  has  been  a  very  low  capacitance  result- 
ing in  a  low  sensitivity  so  that  at  least  one  stage  of  amplification 
located  in  close  physical  proximity  to  the  microphone  has  been  re- 
quired. This  low  capacitance  has  been  due  primarily  to  the  wide 
separation  between  the  electrode  and  the  diaphragm. 

In  recent  years  this  drawback  has  been  overcome  by  utilizing 
a  thin,  metallized,  non-conducting  film  placed  against  a  solid  metal 
backplate  with  the  bias  voltage  applied  between  the  metal  side  of 
the  foil  and  the  backplate  QS].   The  application  of  the  condenser 
microphone  to  waterborne  sound  and  an  investigation  of  its  acoustic 
performance  has  been  reported  r5,6,14j. 

This  report  describes  methods  for  determining  the  various  para- 
meters which  affect  the  performance  of  the  transducer  as  both  a 
transmitter  and  a  receiver,  and  then  utilizing  these  parameters  in  . 
theoretically  determined  transfer  functions  to  predict  frequency 
response  characteristics  of  the  transducer  in  both  modes  of  operation. 
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2.      Theory  of  operation 

The  electrostatic  transducer  is  basically  a  capacitor  in  which 
one  of  the  plates   is   free  to  move  transversely  as   a  result  of  changes 
in  the  applied  electrical  or  mechanical  forces.      Figure   1   shows  a 
schematic  representation  of  the  transducer  with  both  the  ac   and  dc 
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Schematic  Diagram  of  Transducer 
Figure  1 
voltages  applied,  where  v^  is  the  total  effective  voltage  between  the 
plates  of  the  transducer.   The  expression  for  the  force  of  attraction 
between  the  oppositely  charged  plates  of  the  transducer  is  given  by 


f.-- 


%■ 


(2-1) 


where  q  is  the  total  charge  on  the  plates  of  the  capacitor  and  6  is 
the  effective  dielectric  constant  for  the  region  between  the  plates. 
For  the  two-layered  region  of  the  transducer,  the  effective  dielectric 
constant  is  given  by 
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The  mechanical  forces  which  result  from  the  motion  of  the  film 
must  include  the  effects  of  the  mass  of  the  diaphragm,  any  damping 
or  friction  involved,  and  the  compliance  or  stiffness  of  the  dia- 
phragm.  These  quantities,  in  addition  to  the  mechanical  force  of 
electrical  origin  f^,  can  be  related  by 

-f  =  mx  +  rx  -f-  sx  ■«•      — 


26A  ^2-2) 

where  x  is  the  displacement  of  the  film. 

In  considering  the  electrical   forces   involved,   the  basic  rela- 
tionships  involving  capacitance,    charge,   and  voltage  are  given  by 

Then,   the  voltage  equation  based  on  Fig.    1  can  be  written  as 

Vo  +  V  =  R^+^(-j^)  (2-3) 

The  presence  of  the  q  term  in  2-2  and  the  qx  term  in  2-3 
identify  these  differential  equations  as  non-linear.   If  it  is  as- 
sumed that  each  variable  can  be  expressed  as  an  equilibrium  (dc) 
value  plus  a  much  smaller  incremental  value: 

then  substitution  of  these  expressions  into  2-2  and  2-3  yields 

-f^  +  f,  =  m  (xot-x. )  ^  r(Xo  f  X.)  t  s (Xotx,)  »   ^W  ^'^ 


13 


and 

Vo  +  V  =R(?on.)  +  (%o+%,)-i-^^^   ■ 

Since  it  has  been  assimed  that  the  incremental  values  are  much 

smaller  than  the  equilibrium  values,  products  of  the  incremental 
values  can  be  neglected  and  the  above  equations  then  become 

f  =  mx*  +rx,  +  sx,  +4^  ^^"""^ 

and 

^   '^^'    €A      6  A  ^2-5) 

JcJt 

Under  steady  state  conditions  with  time  variation  €    ,  Eqs.  2-4 

and  2-5  can  be  expressed  as 


^'         ^  '  JCU  JCJ6A 


(2-6) 


and 


''-^^>  '7^:::^  ^jztta  "-" 

where  1|  =  JOJO J  and  U,=  Jca^X..     As   a  notational   convenience,   the  sub- 
script  "1"  will   now  be  omitted  so  that  the  symbols   f,   x,   etc.,   will 
represent  their   incremental  values. 
Now  define 


and 


«>  "   X 


O 

With  these  definitions,  the  expressions  for  force  and  voltage  may  be 
written  in  their  final  forms. 
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and 

With  the  previous  development  as  a  basis,  the  transduction 
mechanism  itself  will  now  be  investigated.  The  two-port  network  of 
Fig.  2  describes  the  transducer  in  which  v  and  i,  the  input  voltage 
and  resultant  current  respectively,  produce  a  diaphragm  motion  of 
velocity  u  and  force  f  L^J. 
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Representation  of  Electromechanical  Transduction 

Figure  2 
This  network  can  be  described  by  the  canonic  equations 


and 


(2-10) 


(2-11) 


The  transduction  coefficients  T„„  and  T„_  describe  the  electro- 
em      me 

mechanical  coupling  that  takes  place  in  the  transducer.   They  are 
defined  respectively  as  (1)  the  force  acting  in  the  mechanical  side 
per  unit  current  in  the  electrical  side,  and  (2)  the  emf  appearing  in 
the  electrical  side  per  unit  velocity  in  the  mechanical  side. 

If  2-10  is  compared  with  2-9  and  2-11  with  2-8,  it  can  be  seen 
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that 


lem  "  1 1 


(2-12) 


Thus,  the  electrostatic  transducer  obeys  the  reciprocity  principle 
enabling  2-10  and  2-11  to  be  represented  by  the  symmetrical  two- 
port  network  of  Fig.  3  L^J. 
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Electromechanical  Transduction  with  Symmetric 
Transduction  Coefficients 

Figure  3 
This  figure  can  now  be  redrawn  through  the  use  of  linear  net- 
work theory  Lsj  into  various  forms  containing  an  ideal  transformer 
of  appropriate  impedance  transformation  ratio.  The  jtJ  which  ap- 
pears in  the  denominator  of  2-12  enables  T,  the  transduction  coeffi- 
cient, to  be  defined  as  the  reactance  of  a  capacitor, 


'     =  jojC 


where 


r     z  1^    Jii 


This  permits  redrawing  Fig.  3  in  the  form  shown  in  Fig.  4  in  which 
the  turns  ratio  0   is  defined  as 


(2-13) 
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Equivalent  Electric  Circuit  for  an  Electrostatic  Transducer 

Figure  4 
To  determine  the  transmitter  transfer  function,  it  is  conven- 
ient to  remove  the  transformer  in  Fig.  4  by  transferring  all  the 
mechanical  quantities  across  it  and  using  the  parameter  values  re- 
flected over  to  the  primary  side.   Figure  5  represents  the  two-port 
network  which  results. 


Ci 


c, 


Ui(p 


U<(>' 


^      + 


Eqmvalent  Electric  Circxiit  of  an  Electrostatic 
Transducer   in  the  Transmitting  Mode 

Figure   5 
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Writing  two  mesh  equations 


.iR.i,  ^^ 


'   O 


and  relating  the  currents  by 

i  -  i ,  +-  UL  9^ 

enables  the  velocity  of  the  diaphragm  to  be  expressed  as 

^   "  -'^'RQ^(£m+Zr)-0'*  j<-^»  (2„  *  Zr)  "   ""''^ 

It  is  convenient  to  express  the  output  of  an  underwater  trans- 
ducer in  terms  of  source  level.   Source  level  is  defined  as  the 
extrapolation  of  the  far  field  axial  sound  pressure  level  back  to 
an  axial  distance  of  one  meter  from  the  effective  sound  source.  The 
axial  pressure  amplitude  produced  at  a  distance  of  one  meter  by  a 
piston  source  is  given  by  ^H^ 

P- — jw—^- 

where  Uq   is  thfe  magnitude  of  the  velocity  of  the  diaphragm.      Sub- 
stituting 2-14  into  this  expression  enables   the  source   level   in 
newtons/meter^  per  volt  of  input   signal  to  be  expressed   as 

I     2 

>  a. 


jcj*a.VCo  ^ 
P  - 


The  symbol  Z  has  been  used  to  denote  the  load  across  which  the 
motion  of  the  transducer  develops  the  pressure.   The  behavior  of 
this  radiation  impedance  as  it  is  affected  by  changes  in  frequency 
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will  now  be  investigated: 

As  a  function  of  frequency,  the  transducer  can  be  approximated 
by  either  a  spherical  source  or  a  plane  piston  in  an  infinite  baffle. 
The  former  applies  when  the  wavelength  of  the  signal  is  large  com- 
pared to  the  diameter  of  the  transducer;  the  latter,  when  the  wave- 
length is  small  by  comparison. 

The  ratio  of  the  pressure  to  the  velocity  at  the  surface  of  a 
spherical  source  (the  specific  acoustic  impedance)  is  given  by 

i  r  z  ^  pc-^<!ll  +  jPC   ^^ 

where  k  equals  co^  and  r  is  the  radius  of  the  sphere  ^llj  •  When 
approximated  by  a  spherical  source  with  velocity  u,  the  transducer 
has  an  effective  radius  of  a/2  |^llj  ,  so  that  the  transducer  radia- 
tion impedance  Z  is  given  by 

7  -  Ape   \        ^''^'    ^.  T   ^^^   1 

^r  -    ^r      L  4  +  K^a.^        'J   4^'K^i^   J 

The  area  of  the  transducer  enters  this  expression  because  Z  is  de- 
fined in  terms  of  force  and  velocity,  rather  than  pressure  and  vel- 
ocity as  in  the  case  of  the  specific  acoustic  impedance. 

When  the  wavelength  is  small  compared  to  the  diameter  of  the 
transducer,  the  radiation  impedance  can  be  approximated  by  that  for 
a  piston  in  an  infinite  baffle, 


Zr   =  Af^    ^^<   ^j^'^ 


where  R-,  and  X^  are  the  two  piston  impedance  functions  defined  res- 
pectively as  ^10,11] 
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where  J]^(2ka)  is  the  Bessel  function  of  order  one  and  argument  2ka 
^""^  I  S 

V   -  Jl  r  Ul^        (2Ka,^        (zKa-l      1     . 

'^^  '   IT  L      5  5* '5  s^^"-'?  J 

The  transmitting  characteristics  of  a  transducer  whose  parameters 
have  the  nominal  values 

radius  =  1  cm 
stiffness  =  lO''  N/m 
mass  =  5  X  10"^  kg 
(?  =  10-3  N/V 

blocked  capacitance  =  300  pF 
input  voltage  =  1  V 
can  be  demonstrated  by  approximating  Eq.  2-10  in  three  frequency 
ranges : 

(1)  At  very  low  frequencies,  where  ka^<l,  the  impedance  will  be 
dominated  by  the  mechanical  stiffness  of  the  transducer.   In  this 
region,  2-15  is  approximated  by 


|P|« 


OJ 


2  5  (2-16) 

from  which  it  can  be  seen  that  an  increase  in  pressure  output  of   12 
dB/octave  can  be  expected. 

(2)  In  the  intermediate  range,   ka%l,  the  real  part  of  the 
radiation  impedance  is  the  dominant  factor.      In  this  region  the  trans- 
ducer function  can  be  approximated  by 

jp|    =:$       O^    .         ^ 


ZTTc  ^2-17) 

which  Indicates  a  source  level  Increasing  at  a  rate  of  six  dB/oetavt. 

(3)  the  response  in  the  high  frequency,  or  mass  controlled 
region,  where  ka»l,  is  given  by 

20 
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(2-18) 
a  response  whose  magnitude  is  independent  of  frequency. 

Figure  6  is  an  asymptotic  representation  of  the  above  approxi- 
mations in  which  the  three  distinct  areas  of  frequency  dependence 
are  readily  apparent. 

As  a  receiver,  the  foil  is  set  in  motion  by  an  impinging  sound 
pressure  wave.   Figure  7  shows  the  equivalent  circuit  of  the  trans- 
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Equivalent  Circuit   for  an  Electrostatic  Transducer 
in  the  Receiving  Mode 

Figure  7 

ducer  Q2j  where  p^g   is  the  free  field  sound  pressure,   defined  as  the 

sound  pressure  level  existing  at   a  point  in  the  medium  prior  to  the 

introduction  of  the  receiver  at  that  point,    and   it   is   assumed  that 

the  pressure  wave  is   incident  normal  to  the  transducer  face. 

The  open  circuit  voltage  developed  at  the  right-hand  port   is  a 

result  of  the  voltage  divider  action  across  the  shunt  capacitor 
,1 


Cq/C^    so  that 


TTd-V 


Pf^     '      Jc^Co    (Zr  -^Zm) 


(2-19) 
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The  receiving  characteristics  of  the  same  transducer  can  be 
approximated  by  again  assuming  three  frequency  conditions: 

(1)  When  ka«l,  the  magnitude  of  the  open  circuit  voltage  de- 
veloped for  a  unit  value  of  free  field  pressure  in  the  medium  is 

jVl  ^  J  (2-20) 

a  response  which  is    independent  of   frequency. 

(2)  Within  the   limits  of  the  mid-frequency  approximation, 
kaSl, 

and  a  fall-off  in  open  circuit  voltage  of  six  dB/octave  can  be  ex- 
pected . 

(3)  Under  the  approximation  that  ka»l,   a  loss  of   12  dB/octave 
occurs   s  ince 


Wi    =i       "7 •  -3-,        •  (2-22) 

Co    rn  ^*^ 

An  asymptotic  curve  of  these  approximations  utilizing  the  nominal 
values  previously  given  is  shown  in  Fig.  8. 

It  can  be  seen  from  Fig.  6  that,  within  the  frequency  range  9- 
150  kHz  and  with  constant  voltage  applied  to  the  transducer,  the 
source  level  will  increase  linearly  with  frequency.  A  similar  trans- 
ducer used  as  a  receiver  will  then  show  a  constant  output  voltage 
since  its  sensitivity  decreases  with  increasing  frequency  in  this 
range.   A  combination  of  transmitter  and  receiver  of  this  type  there- 
fore represents  a  two-port  network  whose  transfer  function  is  a  con- 
stant within  this  frequency  range.   This  is  especially  advantageous 
for  experiments  utilizing  pulsed  oscillations  since  the  input  will 
merely  be  changed  in  magnitude  after  having  been  passed  through  the 
two  transducer  system. 
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3.   DeteTrmlnatlon  of  Parameters 

The  parameters  upon  which  Figs.  5  and  7  are  based  were  deter- 
mined for  each  transducer  so  that  the  performance  of  any  given  one 
could  be  predicted  by  use  of  the  transfer  functions  2-15  and  2-19, 
This  was  necessary  because  the  transducers  were  handmade  and  dif- 
fered from  each  other  in  small  but  significant  details. 

Some  of  the  parameters  were  determined  directly  through  experi- 
mentation. Others  were  deduced  from  the  physical  characteristics  of 
the  transducer  itself  and  then  verified  by  experimental  data. 

This  section  describes  how  the  parameters  were  determined, 
whether  through  direct  measurement,  or  through  physical  reasoning. 
The  results  of  attempting  to  verify  those  parameters  whose  values 
were  theoretically  determined  are  described  in  Section  5. 

Blocked  Capacitance  (Cq) 

The  value  of  the  blocked  capacitance  was  detemiined  using  a 
Dranetz  Complex  Impedance  Admittance  Meter,  Model  100-B,  set  up  as 
shown  in  Fig.  9.   With  the  transducer  in  water,  the  impedance  of  the 
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Figure  9 
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motional  branch  is  quite  large.   For  example,  the  transducer  shown  in 
Figs.  6  and  8  has  a  motional  branch  impedance  in  water  of  approximate- 
ly SOOMJXfor  ka  =  1  while  the  impedance  of  the  electrical  branch  is 
only  about  7K/i.   It  can  then  be  seen  that  forKa.Zl,  the  motional 
branch  is  effectively  an  open  circuit  and  the  susceptance  measured 
by  the  meter  will  be  due  to  the  sum  of  the  stray  capacitance  (leads, 
holder,  etc.)  and  C  .  The  usual  relationship  between  susceptance  and 
capacitance  will  then  yield  the  total  capacitance  from  which  can  be 
subtracted  the  stray  capacitance  (measured  separately  using  the  same 
set-up  as  Fig.  9  with  the  transducer  removed  from  the  holder)  leaving 
the  blocked  capacitance  as  the  result. 

With  the  relationship  given  by  2-7a,  the  equilibrium  distance 
between  the  plates  with  the  bias  applied,  Xq,  can  be  determined. 
This  quantity  will  in  turn  permit  the  calculation  of  0^,  the  turns 
ratio  of  the  ideal  electromechanical  coupling  transformer,  by  use  of 
Eq.  2-13. 

Mechanical  Stiffness 

The  mechanical  stiffness  (or  compliance)  of  the  system  can  be 
deduced  by  examining  the  mechanism  which  provides  "the  spring"  as 
the  foil  is  incrementally  displaced  by  the  impinging  pressure  or,  in 
the  case  of  a  transmitter,  by  the  applied  signal  voltage. 

Since  the  backplate  cannot  be  perfectly  smooth  (in  a  micro- 
scopic sense),  there  will  exist  small  pockets  of  air  entrapped  be- 
tween the  backplate  and  the  foil  when  the  foil  is  forced  against  the 
backplate  by  the  biasing  voltage.  These  air  pockets  provide  the 
spring  against  which  the  diaphragm  works. 

It  is  reasonable  to  assume  that  the  heat  generated  in  compres- 
sing this  trapped  air  is  transmitted  to  the  aluminum  backplate  so 
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that  the  temperature  of  the  air  remains  constant.   This  assumption 
of  an  isothermal  compression  leads  to  the  equation  of  state 

PV  =  Constant 
and 


^P  .  R  ^^  .  A.A>^  -_  ^ 


V        Ad  d 

The  restoring  force  due  to  the  entrapped  air  can  be  expressed  as 


■f  = 


RA    X 


SO  that  the  mechanical  stiffness,  s,  is  given  by 

From  the  above  discussion  it  can  be  seen  that  the  stiffness  of 
the  transducer  can  be  readily  affected  by  changing  the  thickness  of 
the  air  gap.   The  method  chosen  was  to  roughen  the  surface  of  the 
backplate  by  the  use  of  grinding  compounds.   (Another  method  that 
has  been  used  is  the  cutting  of  concentric  grooves  in  the  backplate 
[_5  J  .   This  method  was  not  used  here  as  it  was  desired  to  determine 
some  effective  air  gap  thickness  as  a  parameter.   In  the  case  of  a 
randomly  roughened  surface,  there  would  exist  a  relatively  uniform 
gap,  whereas  in  the  case  of  grooves  the  effective  air  gap  would  vary 
across  the  face.)   Since  increasing  the  roughness  of  the  surface 
will  increase  Xq ,  the  sensitivity  will  be  decreased. 

The  contribution  of  the  film  itself  has  been  neglected  in  de- 
riving an  expression  for  the  mechanical  stiffness.  This  was  done  to 
simplify  the  discussion  but  was  also  based  on  the  premise  that  the 
stiffness  of  the  mylar  was  much  smaller  than  that  of  the  entrapped 
air  and  could  reasonable  be  ignored.   The  validity  of  this  position 
is  discussed  in  Section  5. 
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Implicit  in  previous  discussion  has  been  the  assumption  that  the 
effective  radius  of  the  transducer  is  that  of  the  backplate.  Data 
to  support  this  assumption  are  given  in  Table  3. 

The  mechanical  mass  initially  was  assvuned  to  be  the  mass  of  that 
portion  of  the  foil  covering  the  backplate.   Its  value  could  then  be 
calculated  by  multiplying  the  volume  of  this  portion  of  the  foil  by 
the  density  of  mylar,  which  is  given  as  1395  kg/m'^'[^9^  .   The  valid- 
ity of  this  assimption  as  shown  by  analysis  of  frequency  response 
characteristics  is  also  discussed  in  Section  5. 

The  mechanical  resistance,  or  damping,  is  associated  with  energy 
loss  in  the  transducer  itself.   Attempts  were  made  to  measure  it 
directly  but  without  success.   At  low  frequencies,  it  is  swamped  by 
the  high  impedance  of  the  -Cq  term  in  the  motional  branch  while  at 
high  frequencies  it  is  dominated  by  the  radiation  resistance. 

When  ka>l,  the  real  part  of  the  radiation  impedance  becomes 
larg^e,  approaching  At>c   in  the  limit.   Since  the  radiation  resistance 
is  in  series  with  the  mechanical  resistance,  the  latter  may  be  neglec- 
ted for  ka>l.  For  small  values  of  ka  however,  the  radiation  resis- 
tance decreases  as  (ka)^,  so  that  the  mechanical  resistance  should 
become  relatively  large  at  some  frequency. 

It  was  assumed  that  ka  would  not  decrease  in  the  frequency  range 
of  interest  to  the  point  where  the  mechanical  resistance  would  be- 
come a  major  part  of  the  total  resistance;  thus,  it  could  be  neglec- 
ted as  a  parameter  affecting  the  operation  of  the  transducer. 

The  validity  of  this  assumption  is  discussed  in  Section  5. 
4.  Transducer  Fabrication 

The  construction  of  a  transducer  is  shown  in  Fig.  10.   The 
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Details  of  Construction  of   a  Mylar  Transducer 
Figure   10 
design  is  simple,   permits   a  very  small   air  gap  between  ttie  dielec- 
tric  and  the  backplate  (thus  optimizing   sensitivity),    and  is   suit- 
able for  water   immersion. 

MYLAR,    a  DuPont  registered  trademark  polyester  film  with  a 
dielectric  constatit  of   3.0-3.2   in  the  frequency  range  1  kHz-10  MHz 
\^7  J  was   used   as  the  diaphragm.      This  film  is  manufactured  in  varying 
thicknesses  with  either  an  aluminum  or  gold  coating  on  one  surface. 
For  purposes  of  this  project,  one  mil   aluminxim-coated   foil  was  used. 

The  backplate  is  made  of  quarter-inch  aliminum  plate;   the  radius 
of  the  inner  disk   is  that  desired  for  the  transducer,   the  radius  of 
the  outer  disk  was   1.25   inches.      The  surface  of  the  backplate  was 
polished  to   aid   in  increasing   sensitivity.     As  was  described   in  Sec- 
tion  3,   some  transducers  were  prepared  with  roiaghened   surfaces. 

The  inner  disk  is  fitted  into  the  outer  ring  with  an  insulating 
spacer  recessed  on  one  side  to   provide  a  well  between  the  inner  and 
outer  sections.      A  small    (0.5mm.    diam)   hole  is  drilled  through  the 
inner  disk  to  allow  venting  to  the  atmosphere  when  the  foil   is  drawn 
against  the  backplate  by  the  biasing  voltage.      Losses  due  to  the  pre- 
sence of  this  opening  are  considered  negligible  since  even  at 
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frequencies  as  high  as  five  MHz  the  diameter  of  the  hole  is  less  than 
a  wavelength. 

A  piece  of  foil,  larger  than  the  inner  electrode,  is  centered 
on  the  backplate  with  the  metallized  side  out.  Care  must  be  taken 
to  ensure  that  no  particles  of  dust  or  other  foreign  matter  are  be- 
tween the  foil  and  the  backplate  as  their  presence  results  in  lower- 
ing the  sensitivity  which  could  be  achieved  by  the  otherwise  narrow 
air  gap. 

A  thin  strip  of  epoxy  adhesive  is  then  applied  around  the  edge 
of  the  foil  to  form  a  water-tight  seal.  After  the  epoxy  has  cured 
sufficiently,  silver  conducting  paint  is  applied  to  several  places 
on  the  foil  and  backplate  to  provide  a  conducting  path  between  the 
metallized  surface  of  the  film  and  the  backplate.  When  the  silver 
paint  has  dried,  the  transducer  is  complete  and  ready  to  mount  in  a 
suitable  holder  which  will  permit  the  application  of  the  necessary 
voltages,  hold  the  transducer  rigid,  and  permit  immersion  in  water. 

A  serious  problem  was  encountered  in  using  transducers  made  as 
described  above: 

After  a  short  period  (about  one  hour)  of  use  in  water  with  the 
normal  bias  voltage  of  300  volts  applied,  it  was  observed  that  the 
sensitivity  decreased  substantially.   Examination  of  the  transducer 
revealed  that  the  aluminum  coating  of  the  foil  was  disappearing.   The 
resistance  of  the  conducting  path  increased  from  a  few  ohms  to  sev- 
eral kilohms.  The  fact  that  this  erosion  began  adjacent  to  the  spots 
of  silver  conducting  paint  suggests  that  the  mechanism  responsible 
for  this  erosion  was  an  electrolytic  action  between  the  silver  and 
the  aluminum. 
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Based  on  this,  it  was  felt  that  isolating  the  silver  and  alu- 
minum from  direct  contact  with  the  water  without  affecting  the 
mechanical  contact  would  provide  a  solution  to  the  problem.   Initial 
attempts  involved  smearing  the  surface  of  the  transducer  with  a  thin 
coating  of  petroleum  jelly.   It  was  found  that  this  technique  retar- 
ded the  action  but  did  not  eliminate  it.   The  entire  face  of  the 
transducer  was  then  coated  with  liquid  neoprene.   This  proved  highly 
effective  in  eliminating  the  erosion  but  introduced  two  different 
problems: 

(1)  It  was  not  possible  to  achieve  a  uniform  coating  without 
sophisticated  application  methods.   This  resulted  in  a  non-uniform 
distribution  of  mass  across  the  face  of  the  transducer  causing  an 
imbalance  of  accelerations  at  high  frequencies. 

(2)  The  mass  added  by  the  neoprene  to  that  of  the  mylar  is  un- 
known. Thus,  the  frequency  at  which  the  mass  reactance  begins  to 
dominate  cannot  be  predicted.  The  total  mass  can  be  determined  by 
cutting  away  that  portion  of  the  diaphragm  covering  the  inner  elect- 
rode and  weighing  it  on  a  balance.  This  method  was  used  for  one  of 
the  experiments  but  since  it  destroys  the  transducer,  is  not  of  value 
in  predicting  the  frequency  response  of  a  particular  transducer. 

These  disadvantages  suggested  covering  the  aluminum  face  of  the 
foil  with  a  substance  of  uniform  thickness  and  known  density.   Since 
it  was  also  desired  to  lower  the  frequency  at  which  the  mass  begins 
to  dominate  to  one  within  the  frequency  range  of  the  electronics 
equipment  used  in  determining  frequency  responses,  brass  shim  metal 
was  used  as  the  coating.  A  circular  wafer  of  metal  was  cut,  a  drop 
of  epoxy  adhesive  placed  on  the  mylar  film  and  the  brass  wafer  placed 
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over  the  transducer  face.  The  wafer  was  weighted  down  while  the 
epoxy  cured  to  insure  bonding  across  the  entire  face. 

The  holder  used  in  these  experiments  is  shown  in  Fig.  11.   Co- 
axial cable  is  passed  through  the  copper  tube  (A) ,  electrical  contact 
being  made  between  the  shield  of  the  cable  and  the  tube.   The  tube  is 
joined  to  the  holder  with  watertight  fittings  with  provision  made  for 
the  air  chamber  of  the  holder  to  vent  to  the  atmosphere  through  the 
tubing.   The  center  conductor  of  the  cable  is  soldered  to  the  copper 
spring  (B)  which  makes  contact  with  the  inner  electrode  of  the  trans- 
ducer.  The  transducer  is  placed  with  its  back  on  the  O-ring  (C)  which 
seals  the  air  chamber  and  then  the  retaining  ring  is  screwed  on. 

Figure  12  shows  the  holder  fully  assembled  with  a  neoprene 
coated  transducer  installed  ready  for  use  in  water. 
5.   Experimental  Results  and  Conclusions 

Various  experiments  were  conducted  with  the  mylar  transducers 
to  obtain  data  which  would  (1)  provide  experimental  verification  for 
theoretically  determined  parameter  values;  (2)  show  that  the  equiva- 
lent circuits  and  their  associated  transfer  functions  are  valid  repre- 
sentations of  a  transducer  as  transmitter  and  receiver;  and  (3)  justify 
the  assumption  that  the  transducer  acts  as  a  plane  piston  in  an  infi- 
nite baffle  for  Kdy>l.      For  ease  of  presentation,  the  experiments 
conducted  and  the  results  obtained  will  be  discussed  along  these 
three  lines. 

Most  of  the  experiments  were  conducted  in  an  unlined  and  elect- 
rically ungrounded  tank  75  x  75  x  90  cm  deep.   Using  a  reverberant 
tank  required  use  of  pulsed  signals  so  that  the  direct  signal  could 
be  distinguished  from  reflections. 
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Disassembled  Transducer  Holder 


Figure   11 
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Transducer  Holder  with  Transducer  Installed 


Figure  12 
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Figure  13  is   a  block  diagram  of  the  electronics   used  to  drive 
the  transducers.      The  oscillator    Hewlett-Packard  Mjdel   650A  Test 
Oscillator)  provides  the   signal  which   is  gated   in  the  tone  burst 
generator  (General  Radio  Model   1398A)    and  passed  through  a  Hewlett- 
Packard  Model  467A  Power  Amplifier.      The  main  purpose  of  the  amplifier 
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Block  Diagram  and  Schematic  of  Transmitter 
Figure  13 
is  to  provide  a  signal  source  of  low  impedance,  nominally  one  milli- 
ohm,  to  match  the  low  impedance  of  the  transmitter  at  high  frequencies, 
The  22  ohm  resistor  is  provided  to  damp  out  any  parasitic  oscillations 
which  may  be  generated  due  to  the  pulse  excitation.  The  five  micro- 
farad capacitor  and  ten  megohm  resistor  are  used  to  block  the  dc  and 
ac  respectively  while  the  one  ohm  resistor  acts  as  a  current  sampler. 
The  dc  bias  voltage  is  provided  by  a  battery  or  alternatively,  when 
a  variable  bias  is  required,  by  a  Hewlett-Packard  712A  Power  Supply. 

Figure  14  shows  the  electronic  equipment  used  with  the  trans- 
ducer acting  as  a  receiver-   The  signal  is  amplified  40  dB  in  a  Tek- 
tronix Type  1121  amplifier  whose  one  megohm  input  impedance  provides 
the  means  of  measuring  open  circuit  voltages.  The  filter  used  was 
an  SKL  Model  302  Variable  Electronic  Filter. 
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Block  Diagram  and  Schematic  of  Receiver 
Figure  14 

In  obtaining  data  for  the  receiver  response  characteristic,  the 
transducers  were  calibrated  by  the  reciprocity  method  L^lJ  in  the 
frequency  range  5-500  kHz  with  a  precision  of  1  1.6  dB. 

Two  transducers,  the  one  to  be  calibrated  and  a  reversible  one, 
were  placed  successively  at  the  same  point  in  an  arbitrary  sound 
field.   The  ratio  of  the  output  voltages  of  these  two  transducers  is 
the  ratio  of  their  microphone  sensitivities.  Then,  the  reversible 
transducer  was  used  as  a  transmitter  and  the  one  to  be  calibrated  as 
a  receiver.  The  transmitter  was  excited  by  a  constant  voltage  input 
and  its  current  and  the  open  circuit  voltage  of  the  receiver  were 
measured  as  a  function  of  frequency.   From  the  ratio  of  the  receiver 
voltage  to  the  transmitter  current,  the  sensitivity  ratio,  and  the 
reciprocity  constant,  the  receiver  sensitivity  was  determined. 

Placing  a  calibrated  hydrophone  in  the  sound  field  of  a  trans- 
mitter while  the  signal  frequency  is  varied  and  the  transmitter 
voltage  remains  constant,  enables  the  free-field  pressure  at  the 
hydrophone  to  be  measured  as  a  function  of  frequency.  After  cor- 
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recting  for  the  distance  between  the  transmitter  and  receiver,  the 
source  level  was  obtained  with  a  precision  of  t   1.8  dB. 

The  validity  of  the  transfer  functions  given  by  2-15  and  2-19 
is  best  demonstrated  by  comparing  the  frequency  response  predicted 
by  the  transfer  function  for  a  particular  transducer  with  the  exper- 
imentally determined  response. 

Computer  programs  based  on  the  transmitter  and  receiver  functions 
were  developed  and  are  contained  in  Appendix  I.  These  programs  will 
print  out  the  magnitude  and  phase  of  the  source  level,  or  the  open 
circuit  voltage,  for  a  unit  magnitude  input  as  a  function  of  fre- 
quency, given  the  necessary  transducer  parameters. 

Figures  15,  16,  and  17  are  plots  of  receiver  sensitivity  as 
determined  by  the  computer  program  for  three  transducers  with  vary- 
ing parameters.   The  solid  curve  is  based  on  the  radiation  impedance 
of  a  piston  while  the  dashed  curve  is  based  on  the  radiation  impe- 
dance of  a  simple  source.   The  data  were  obtained  by  calibrating  each 
of  the  transducers  as  previously  described. 

The  data  correlate  reasonably  well  with  the  predicted  response 
curve  for  frequencies  greater  than  20  kHz.   The  general  validity  of 
the  receiver  transfer  function  and  the  model  and  assumptions  on  which 
it  is  based  is  demonstrated  in  these  figures.  As  can  be  seen  in  the 
curves  however,  the  validity  of  those  parameters  which  determine  the 
low  frequency  response  is  somewhat  questionable.   Reference  to  Eq. 
2-19  shows  that  these  parameters  are:  radiation  impedance,  mechanical 
resistance,  and  stiffness.   The  radiation  impedance  for  a  sphere  or 
a  piston  can  be  computed  precisely  for  any  given  frequency  and  this 
is  accomplished  in  the  computer  program.  However,  for  a  two  centi- 
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meter  radius  transducer,  ka  equals  unity  at  about  11  kHz  so  that  in 
the  range  5-20  kHz  the  transducer  can  be  closely  approximated  by 
neither  a  sphere  nor  a  piston.   As  a  result,  the  radiation  impedance 
in  this  range  is  not  readily  calculable. 

The  magnitude  of  the  stiffness  parameter  has  been  determined 
only  theoretically.   As  a  result,  its  value  is  in  question  and  it  is 
appropriate  to  justify  this  theoretical  value  of  stiffness  by  exper- 
imental means.   The  first  experiment  conducted  towards  this  end  in- 
volved the  measurement  of  susceptance  as  a  function  of  frequency 
with  the  transducer  in  a  vacuum  to  eliminate  medium  loading  as  a 
factor.   It  was  expected  that  as  resonance  vas  approached  the 
t^irCoCo curve  would  depart  from  its  linearity  in  the  usual  manner 
y.lj  allowing  the  resonant  frequency  to  be  determined,  and  from  it 
s/m.  However,  the  parameters  of  the  transducer  were  such  that  any 
deviations  from  the  linear  susceptance  curve  were  very  slight  and 
difficult  to  discern,  making  the  resonant  frequency  impossible  to 
determine  with  any  degree  of  confidence. 

The  second  method  involved  using  two  transducers  in  air  separa- 
ted by  about  20  centimeters.   It  was  reasoned  that  the  open  circuit 
voltage  developed  by  the  receiver  vjould  peak  at  the  mechanical  reso- 
nance of  the  receiver  since  medium  loading  at  the  expected  frequen- 
cies would  be  negligible.   The  transmitter  was  excited  by  a  pulsed 
sinusoid  in  order  to  eliminate  the  formation  of  standing  waves  be- 
tween the  transmitter  and  receiver. 

Table  1  gives  the  data  obtained  for  four  transducers  with  dif- 
fering values  of  stiffness  and  mass.  The  magnitudes  of  these  para- 
meters were  determined  as  described  previously  in  Section  3.   The 
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experimental  data  is  in  general  agreement  with  the  theoretical  values 
and,  anticipating  independent  verification  of  the  mass,  it  can  be 
concluded  that  the  theoretical  assumptions  concerning  mechanical 
stiffness  are  essentially  correct. 

There  remains  only  the  mechanical  resistance.  The  assumption 
was  made  that  in  water  the  mechanical  resistance  was  much  less  than 
the  resistance  provided  by  the  medium  and  consequently  could  be 
neglected.   It  is  necessary  to  show  that  this  is  justifiable. 

One  way  to  determine  mechanical  resistance  is  through  the 
quality  factor,  Q,  of  a  system  given  by 

where  R^  is  the  mechanical  resistance  of  the  system  and  CiJj^  and  OJ, 
are  the  frequencies  at  which  the  voltage  has  dropped  to  0.707  of  its 
value  at  resonance. 

Using  the  data  from  which  the  stiffness-mass  ratios  of  Table  1 
were  obtained,  OJ^   ai^d  C*->,  can  be  determined.   Since  for  a  transducer, 
Rjj^  =  Re(Z  +  r)  ,  the  mechanical  resistance  of  the  transducer,  r,  can 
be  computed  by  simple  substitution.   Results  are  presented  in  Table  2. 


Transducer 

Q 

mass 
(10-5  kg) 

Re  Zr 
(kg/sec) 

r 
(kg/sec) 

1 

1.82 

1.11 

.13 

2.2 

2 

1.16 

1.66 

.13 

7.4 

3 

1.475 

54.5 

.52 

75.0 

4 

1.15 

1.66 

.13 

9.4 

Experimental  Determination  of  ^fechanical  Resistance 

Table  2 
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The  resistances  are  quite  small  except  in  the  case  of  transducer 
3,  although  75  mechanical  ohms  is  only  4  percent  of  the  value  of  ra- 
diation resistance  in  water  at  frequencies  greater  than  30  kHz.  Even 
at  10  kHz,  where  the  data  exhibits  its  greatest  deviation  from  the 
computed  curve,  the  radiation  resistance  is  still  an  order  of  magni- 
tude greater  than  the  mechanical  resistance  so  that  neglecting  it  has 
little  effect.   It  should  be  noted  that  transducer  3  differed  from 
the  others  by  having  a  brass  wafer  attached  to  the  mylar  face.   It 
is  conceivable  that  this  introduced  additional  resistance  due  to  a 
flexing  of  the  brass  wafer  as  it  was  driven  by  the  force  field. 

It  appears  then  that  the  transfer  function  fails  to  predict  the 
frequency  response  when  the  wavelength  approaches  the  dimensions  of 
the  transducer  due  to  an  inability  to  determine  the  radiation  impe- 
dance in  this  frequency  range. 

Figures  18  and  19  are  plots  of  transmitter  sensitivities  deter- 
mined by  the  computer  program  for  two  different  transducers.  As  be- 
fore, the  solid  curve  is  based  on  the  radiation  impedance  of  a  pis- 
ton source  while  the  dashed  curve  is  based  on  that  of  a  simple  source. 
In  the  higher  frequency  range,  the  transducer  acts  as  a  piston  and 
in  the  low  frequency  range  it  appears  as  a  simple  source.   When  the 
wavelength  approaches  the  dimensions  of  the  transducer,  however, 
there  is  a  large  deviation  of  data  from  the  predicted  curves. 

In  summary,  it  has  been  shown  that  the  receiver  and  transmitter 
transfer  functions  are  valid  representations  of  the  actual  transducer 
but  that  the  computer  programs  based  on  them  are  inaccurate  when  the 
wavelength  approaches  the  dimensions  of  the  transducer  due  to  an 
inability  to  determine  radiation  impedance.   It  has  also  been  shown 
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that  the  stiffness  of  the  transducer  is  determined  chiefly  by  the  air 
gap  between  the  foil  and  the  backplate,  and  also  that  the  mechanical 
resistance  is  much  smaller  than  the  radiation  resistance  and  may  be 
neglected. 

On  the  basis  of  its  construction,  it  is  reasonable  to  expect 
that  at  short  wavelengths  the  electrostatic  transducer  will  operate 
as  a  piston  with  the  familiar  directional  pattern  of  a  major  lobe 
and  attendant  minor  lobes.  This  is  not  to  imply  that  a  uniform  vel- 
ocity exists  across  the  face  of  the  transducer.   Since  the  surface 
of  the  backplate  is  not  perfectly  smooth,  there  must  be  many  points 
at  which  the  film  makes  contact  with  the  backplate  and  the  diaphragm 
has  no  velocity  (assuming  an  incompressible  diaphragm  and  a  rigid  back- 
plate) .   It  can  be  said  though  that  the  foil  has  some  average  velocity 
which  is  uniform  in  a  macroscopic  sense.   This  velocity  is  based  in 
part  on  the  effective  air  gap  between  the  plate  and  the  diaphragm 
and  also  on  the  effective  area  of  the  transducer. 

The  directivity  pattern  of  a  piston  source  is  a  result  of  the 
directivity  term  [llj 

2  J,  Cka  sin  e) 

Kd.  sihe 

This  term  indicates  that  the  pattern  will  have  a  null  whenever  the 
argument  of  the  Bessel  function  results  in  the  value  of  the  function 
being  zero.   This  will  occur  at  values  of  ka  sin  9  =    3.83,  7.02,  etc. 
Therefore,  the  angular  width  of  the  major  lobe  and  of  the  side  lobes 
can  be  determined  for  any  value  of  ka.   Figure  20  is  a  plot  of  the 
relative  pressure  output  of  a  mylar  transducer  as  a  function  of  po- 
lar angle  for  ka  =  9.8.  The  data  correlate  very  well  with  the 
expected  angular  values,  especially  those  for  the  angular  width  of 
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Directivity  Pattern  of  One  Centiaeter 
Radius  Transducer 


Figure  20 
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the  major  lobe  and  the  first  side  lobes. 

In  addition  to  angular  width,  the  directivity  term  specifies 
that  the  maximum  of  the  first  minor  lobe  will  be  0.133  of  the  max- 
imum of  the  major  lobe,  or,  the  first  minor  lobe  will  be  17.5  dB 
down  from  the  major  lobe.   The  data  presented  in  Fig.  20  agree  with 
this  quite  well. 

It  appears  then  that  the  assumption  of  piston-like  operation  of 
the  transducer  is  supported  by  the  data. 

It  has  been  implicitly  assxmed  that  the  effective  radius  of  the 
transducer  is  the  same  as  that  of  the  center  electrode  of  the  back- 
plate.   If  the  angular  width  of  the  major  lobe  of  a  transducer  is 
measured  at  some  frequency  then  the  radius  can  be  computed  from  the 
directivity  function  given  above.  This  was  done  for  three  transducers 
of  differing  radii  and  the  data  are  presented  in  Table  3. 

EFFECTIVE 
RADIUS 
(cm) 

1.00  t   0.01 

1.87  1   0.07 

1.97  t.   0.08 

Experimental  Confirmation  of  Equality  of  Inner 
Electrode  Radius  and  Effective  Radius 

Table  3 

As  was  stated  in  Section  3,  the  mechanical  mass  was  assijmed  to 

be  that  of  the  active  volxme  of  the  diaphragm.   In  order  to  validate 

this  assumption,  use  is  made  of  the  relationships 

|P|  -   ^-  Jjf^  (2-17) 

and 


ASSUMED 

TRANSDUCER 

RADIUS 

(cm) 

1 

1.00 

2 

1.83 

3 

2.00 

^  ^  (2.18) 
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The  frequency  for  which  Eqs.  2-17  and  2-18  become  equal  is 

CO    _    — ^ 

m 

Then,  the  assumed  value  of  the  mechanical  mass  can  be  substituted 
in  and  the  result  can  be  compared  with  the  frequency  obtained  from 
an  experimentally  determined  transmitter  response  characteristic. 

This  frequency  point  is  the  same  for  the  transducer  acting  as  a 
receiver  as  well  because  equating  2-21  and  2-22  also  yields  the  ex- 
pression 

m 

As  was  discussed  previously,  it  was  necessary  to  increase  the 
mass  of  the  transducer  face  in  order  to  bring  the  frequency  at  which 
the  mass  dominates  within  the  bandwidth  of  the  available  electronic 
equipment. 

The  first  experiment  involved  a  two  centimeter  radius  transdu- 
cer with  a  brass  wafer  of  2.5  centimeter  radius  and  two  mil  thick- 
ness attached  to  its  face.   Under  the  assumptions  made  concerning 

this  parameter,  the  mass  of  the  mylar-brass  combination  was  calcula- 

-4 
ted  to  be  5.90  x  10   kg,  and  a  changeover  frequency  of  500  kHz  pre- 
dicted.  Its  response  as  a  receiver  and  a  transmitter  was  obtained 
and  is  presented  in  Fig.  21.   Both  curves  show  a  rollover  point  of 
2^0  kHz,  an  octave  below  the  predicted  value. 

This  transducer  was  poorly  designed  for  the  purpose  of  verify- 
ing an  assumption  based  on  the  volume  of  the  face  adjacent  to  the 
inner  electrode.   As  the  brass  wafer  is  relatively  inflexible,  it 
is  reasonable  to  expect  that  the  whole  unit  will  be  displaced  thus 
increasing  the  mass  accordingly.   This  was  substantiated  by  weighing 
the  diaphragm;  its  mass  was  1.03  grams  which  when  substituted  in  the 
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expression  above  gives  a  frequency  of  285  kHz. 

A  1.83  cm  radius  transducer  with  a  two  mil  brass  wafer  of  the 
same  radius  was  made.   The  mass  of  this  transducer  was  calculated  to 
be  5.24  X  10"^  kg,  predicting  a  roll-over  frequency  of  470  kHz.   It 
was  calibrated  and  the  results  are  given  in  Fig.  22. 

The  corner  frequency  is  not  readily  apparent  although  it  appears 
to  lie  between  300-400  kHz.   A  more  accurate  determination  can  be 
made  by  using  the  fact  that  at  the  corner  frequency  the  true  curve 
differs  from  its  asymptote  by  three  dB.   Extending  the  six  dB/octave 
asymptote  upward  to  a  point  three  dB  above  the  true  curve  will  give 
the  corner  frequency.   Figure  22  shows  this  extension  of  the  asjnnp- 
tote  and  a  break  frequency  of  335  kHz. 

The  actual  and  theoretical  frequencies  are  better  correlated 
than  in  the  case  of  the  first  transducer.  Whether  or  not  the  assump- 
tion involved  in  predicting  the  mechanical  mass  is  valid  is  difficult 
to  say  from  the  above  evidence;  it  seems  safe  to  say  that  it  is  a 
reasonably  good  approximation. 

This  deviation  of  the  assumed  mass  from  the  indicated  mass  of 
29  percent  brings  in  to  question  the  previous  experimental  verifica- 
tion of  the  stiffness  parameter.  Decreasing  the  assumed  mass  by  29 
percent  increases  the  value  of  CJ©  by  16  percent.   This  change  is  not 
sufficiently  large  to  discredit  the  conclusion  that  the  stiffness  is 
primarily  determined  by  the  air  gap  between  the  foil  and  the  back- 
plate. 

Affecting  the  sensitivity  of  the  mylar  transducer  are  the  bias 
voltage  and  the  equilibrium  distance  between  the  diaphragm  and  back- 
plate,  Xq.   Since  the  bias  voltage  is  not  a  function  of  the  transducer 
per  se,  and  Xq,  which  is  a  function  of  the  thickness  of  the  mylar  and 
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the  roughness  of  the  backplate,  is  not  subject  to  variation  with 
time,  the  sensitivity  should  be  expected  to  remain  reasonably  sta- 
ble. 

Figure  23  shows  the  receiving  characteristic  of  one  transducer 
taken  at  different  times.   The  data  for  curve  B  were  taken  one  month 
after  the  data  for  curve  A,  during  which  time  the  transducer  was  lying 
on  a  laboratory  bench.  Allowing  for  the  imprecision  of  the  data,  the 
curves  can  be  said  to  be  approximately  the  same. 

There  is  some  difference  between  the  curves  though  which  should 
be  accounted  for.  Assuming  that  Xq  does  not  change,  it  appears  that 
the  bias  voltage  is  responsible  for  this  difference. 

It  has  been  assumed  that  the  charge  on  the  transducer  is  the 
result  of  the  dc  voltage  applied  and  the  capacitance  Cq.   If  the 
bias  were  removed  there  would  be  no  charge  and  the  transducer  would 
not  function. 

To  verify  this  assumption,  microphone  sensitivity  as  a  function 
of  applied  dc  voltage  was  experimentally  determined  at  40  kHz  and 
plotted  in  Fig.  24.  The  applied  bias  voltage  apparently  was  not  the 
dc  voltage  applied  to  the  transducer:  there  appears  to  be  an  opposing 
potential  of  65  volts  inherent  in  the  film.   With  a  battery  voltage 
of  280  volts,  it  would  appear  that  the  true  bias  was  215  volts.   If 
the  battery  polarity  were  reversed,  one  should  expect  a  true  bias  of 
345  volts,  an  increase  of  about  60  percent.   This  polarity  was  re- 
versed and  an  increase  in  sensitivity  of  40  percent  observed.   This 
was  consistent  with  expectations. 

The  most  probably  cause  of  this  reduced  bias  is  that  applica- 
tion of  the  dc  voltage  to  the  mylar  film  causes  the  molecules  to 
orient  themselves  with  dipole  moments  opposing  the  direction  of  the 
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applied  field  and  this  alignment  reduces  the  voltage  across  the  trans- 
ducer by  the  amount  of  induced  polarization.  This  results  in  an  un- 
certainty in  the  sensitivity  data  which  depends  on  the  amount  of 
polarization  induced  in  the  dielectric.   In  Fig.  2  3  for  example,  the 
sensitivities  are  about  U.l   dB  less  than  would  be  expected  if  the 
total  dc  voltage  applied  were  realized  across  the  transducer. 

This  disadvantage  can  be  overcome  by  permanently  polarizing  the 
mylar  film.   The  technique  for  doing  so  and  a  discussion  of  results 
obtained  has  been  reported  by  Sessler  and  West  [_12]  and  by  Sessler 
ri3j  .   For  future  experimentation  with  this  type  of  transducer,  it 
would  appear  that  permanently  polarizing  the  film  would  permit  more 
predictable  results  and  would  eliminate  the  need  for  biasing  circuits. 

With  Xq  being  defined  as  the  equilibrium  displacement  of  the 
film  with  bias  applied,  it  would  seem  that  if  the  bias  were  subject 
to  significant  variation,  then  Xq  would  be  similarly  affected.   This 
is  probably  true  in  air  where  the  bias  is  the  only  force  acting  on 
the  diaphragm  during  equilibrium  conditions  but  when  the  transducer 
is  in  water,  the  hydrostatic  pressure  acts  against  the  diaphragm  at 
equilibrium. 

Table  4  gives  experimental  values  of  the  blocked  capacitance  of 
a  one  cm  radius  transducer  as  a  function  of  bias  voltage.   The  data 
were  taken  with  the  transducer  in  30  cm  of  water  and  the  measured 
values  of  Cq  differ  from  each  other  by  less  than  the  experimental 
error.  Since 

^o  -  -^  (2-7a) 

it  can  be  said  that  Xq   does  not  significantly  change  with  bias  when 
the  transducer  is  in  water. 


56 


BIAS    (V)  Co    (pF) 

100  338   Il6 

200  350   ll3 


300  351   il'lO 


Effect  on  Blocked  Capacitance  of  Changing 
Bias  Voltage  with  the  Transducer  in  Water 

Table  4 

6.   Acknowledgement  s 

The  continuing  advice  and  assistance  of  Professor  Alan  B.  Coppens 
of  the  U.S.  Naval  Postgraduate  School  is  gratefully  acknowledged. 

Thanks  are  also  due  to  Mr.  Harold  Whitfill  for  his  technical  sup- 
port and  to  Professors  O.B.  Wilson  and  J.V.  Sanders  for  their  valuable 
suggestions. 

This  work  was  supported  in  part  by  the  Office  of  Naval  Research 
and  the  U.S.  Navy  Bureau  of  Ships. 


57 


BIBLIOGRAPHY 

1.  Wente,  E.G.  A  Gondenffer  Transmitter  as  a  Uniformly  Sensitive  In- 
strvnnent  for  the  Absolute  Measurement  of  Sound  Intensity.  Phys. 
Rev.    10,   July   1917:    39-63. 

2.  Beranek,   L.L,   Acoustic  Measurements.    John  Wiley  &  Sons,    Inc.    1949. 

3.  Kuhl,  W. ,   Schodder,   G.R. ,    and  Schroeder,   F.K.    Gondenser  Transmit- 
ters  and  Microphones  with  Solid  Dielectric  for  Airborne  Ultra- 
sonics.     Acustica,   Vol.   4,    1954:    519-532. 

4.  Hunt,    F.V.    Electroacoustics.      Harvard  University  Press,    1954. 

5.  Schodder,   G.R.    and  Wiekhorst ,  F.    Electrostatic  Transducers  with 
Solid  Dielectric   for  Waterborne  Sound,   Acustica,   Vol.    7,    1957: 
38-45 

6.  Mangold  J.F.    Underwater  Electrostatic   Transducers.    Thesis.    U.S. 
Naval   Postgraduate   School,    1958 

7.  E.I.    Du  Pont  De  Nemours  &  Go.    (Inc.),   Film  Department.      Electri- 
cal  Properties  of  Du  Pont  MYLAR  Polyester  Film.      Technical   In- 
formation Bulletin  M-4A. 

8.  Glement,  P.R.    and  Johnson,   W.G.    Electrical  Engineering  Science. 
McGraw  Hill  Book  Gompany,    Inc.,   1960. 

9.  E.I.    Du  Pont  De  Nemours  &  Go.    (Inc.),   Film  Department.      Physical- 
Thermal   Properties  of  Du  Pont  MYLAR  Polyester  Film.      Technical 
Information  Bulletin  M-2B. 

10.  Lindsay,   R.B.    Mechanical  Radiation.      McGraw  Hill  Book  Company, 
Inc.,    1960. 

11.  Kinsler,  L.E.    and  Frey,   A.R.    Fundamentals  of  Acoustics,   Second 
Edition.      John  Wiley  &  Sons,    Inc.,    1962. 

12.  Sessler,   G.M.    and  West,   J.E.    Self  Biased  Gondenser  Microphone 
with  High  Capacitance.      J.Acoust.    Soc.   Am.,    Vol.    34,   November, 
1962:    1787-1788. 

13.  Sessler,   G.M.    Electrostatic  Microphones  with  Electret   Foil. 
J.    Acoust.    Soc.   Am. ,   Vol.    35,   September,    1963:    1354-1357. 

14.   Buxcey,   S.,   McNeil,   J.E. ,    and   Marks,    R.H.   Acoustic  Detection  of 
Microbubbles   and  Particulate  Matter  Near  the   Sea  Surface.      Thesis, 
U.S.    Naval    Postgraduate  School,    1965. 


58 


LU 

— 

0 

_J 

3 

V- 

Z) 

LlI 

1— 

^ 

(— 

LU 

tA) 

UJ 

a 

z 

Q 

X 

'- 

X 

2 

3 

0 

Q 

Z 

— 

z 

Ul 

Lli 

lO 

to 

(— 

to 

1— 

•— 1 

21 

z 

3 

< 

Ul 

1— 1 

_l 

I/) 

z- 

»— 1 

1— 

— < 

_• 

z 

t— 

Cf 

u 

< 

< 

< 

:^ 

>- 

1—4 

■;^ 

LL 

X 

< 

1 — 1 

1— 

z 

>- 

> 

X 

oc 

1— 

UJ 

0 

z 

0 

< 

u 

Z 

< 

<" 

1— < 

a 

\— 

3 

a 

X 
15 

z 

LU 

3 

1— 

>- 

5: 

0 

0 

< 

UJ 

X 

ct 

h- 

3 
0 

o 

KJ 

2" 

—1 

LU 

LU 

u 

z 

LU 

5- 

1— 

1 — 1 

to 

UJ 

^ 

►— < 

t— 1 

LU 

6 

to 

:>■ 

z 

LU 

Ct 

to 

♦ 

< 

1— 

LU 

_J 

Ll' 

or 

2: 

LU 
U 

UJ 

3 

t— 

Ll 

Ll 
0 

u 

0 

Ul 

or 

21 

3 

a: 

LU 

LU 

3 

o 

< 

U. 

< 

0 

Ll 

X 

►-. 

u 

Q 

O 

< 

u 

2^ 

-1 

Ul 

0 

< 

to 

UJ 

(— 

Q 

3 

3 

u 

1— 

»— 1 

UJ 

•— 1 

Q. 

Qi 

SI 

(X 

u 

3 

Ul 

0 

(— 

< 

_) 

-J 

X 

<T) 

Ll 

to 

^- 

LU 

z 

CL 

21 

to 

■— 1 

o 

c 

CL 

1— 

< 

•— • 

LU 

Q 

< 

z 

z 

■2L 

cr 

> 

a 

1— 

0 

^ 

_l 

z 

(V 

H- 

>_l 

LU 

< 

e) 

t— 

< 

z 

< 

«^ 

3 

Q- 

LU 

0 

</) 

•« 

X 

QC 

< 

VJ 

_I 

»-• 

Q 

LU 

2-- 

1 — 1 

1— 

►— 

ct 

y— 

X 

^- 

^ 

u; 

_J 

< 

to 

UJ 

_J 

u 
z 

■^ 

^- 
_J 

u_ 

r-H 

to 

U) 

U! 

Z 

u 

LU 

Ul 

LU 

LU 

o 

V) 

_l 

< 

>— a 

3 

0 

or 

3 

»— ■ 

^ 

0 

X 

— . 

X 

>— 1 

>r 

ai 

< 

t— 

SI 

2: 

2" 

0 

X 

X 

t- 

\ 

»— 

U 

to 

< 

0^ 

3 
0 

'^ 

u 

to 

_l 

to 

< 

X 

_j 
< 

0 

z 

0 

z 

<r 

Ul 

\ 
•» 

X 

(V 

Li  J 

o 

I/) 

to 

< 

3 

< 

►— . 

t— 

KJ 

< 

3 

0 

X 

en 

>t 

h- 

I— 

X 

o 

•^* 

ex 

1 — t 

(X 

z 

t—i 

ct 

0 

UJ 

< 

►—1 

• 

■— < 

U 

I— 

Ct' 

UJ 

b 

< 

0 

0 

3 

LU 

Z 

1— 

to 

% 

■>. 

ct 

0 

3: 

Ll_' 

a. 

_l 

_j 

u 

< 

LU 

cm 

< 

6  u. 

u 

f— 1 

_J 

■z 

a 

_j 

fX 

t— 

_l 

0 

21 

X 

lU 

u. 

^ 

^ 

-J 

to 

LU 

1-^ 

a: 

LU 

LU 

a: 

S! 

0 

Q 

z 

<r 

5" 

3 

u 

X 

0 

z 

z 

LU 

UJ 

^- 

a 

U-i 

•— < 

X 

< 

>— < 

u_ 

LU 

;^ 

■— 1 

CV 

>— 1 

LU 

H- 

u_ 

•—i 

> 

Q 

\ 

1— t 

X 

lO 

r^ 

s 

_i 

to 

s/ 

d 

0 

>- 

0 

S 

>- 

I— < 

21 

•v 

V, 

\ 

1—4 

D 

3. 

I/) 

U 

t— 

z 

Ul 

CD 

u 

^ 

Ll 

H 

h- 

Ll 

>- 

h- 

V. 

V. 

It 

O 

O 

>- 

u 

<r 

0 

0 

to 

■— ■ 

t— 

21 

_l 

0 

^H 

tO 

^ 

to 

<r 

\ 

» 

LU 

z 

UJ 

1— 1 

u 

•— I 

a: 

_l 

•— I 

z 

0 

¥—* 

u 

u_ 

'JO 

1—1 

X 

» 

0 

U 

UJ 

X 

_J 

2r 

1— 

Q 

< 

CD 

a 

Q 

»-H 

UJ 

LU 

0 

I/)  0 

• 

•^ 

3 

to 

1— 

-~ 

• 

z 

a 

\- 

O 

LU 

(V 

LU 

u 

v> 

•k 

UJ 

(X 

X 

U. 

to 

_) 

LU 

in 

1— 1 

tu 

< 

<t- 

< 

a 

lO 

3 

< 

CC 

lU 

I/) 

(71 

z 

u_ 

t— 

LU 

UJ 

U 

to 

Q 

ct 

to 

to 

U- 

1— 

< 

LU 

O 

CL 

LU 

< 

Z 

LD 

< 

to 

t— * 

Uj 

z 

> 

z 

< 

< 

•> 

ct 

V 

►— t 

O 

< 

LU 

Q 

h— 

0 

< 

■— ■ 

UJ 

z 

Ll 

X 

LL 

•^ 

< 

21 

Ct 

z 

LU 

2^ 

II 

u 

1— 1 

a: 

I/O 

►— • 

< 

►— • 

t— 

CD 

tx. 

>- 

•— I 

0 

»- 

u. 

— 

t— 

U. 

•> 

Ll 

1— 

Ul 

< 

> 

Ll 

Li_ 

1— 1 

to 

0 

»— 

-J 

a 

u 

51 

1—1 

_J 

I--4 

9k 

_l 

»— * 

Ul 

u: 

c 

Q. 

o 

O 

X 

z 

CL 

0 

Q 

X 

z 

>- 

u_ 

1— 

<c 

u 

Ul  Q. 

_J 

1— 

2. 

h- 

< 

< 

a: 

Ll 

»— 

0 

Ll 

1—4 

> 

UJ 

LU 

Ul 

Q 

1- 

0 

to 

u 

< 

Z 

to 

a 

to 

< 

■— • 

f— 

^J 

a 

_l 

o 

u 

0 

q: 

>-H 

3 

Ul 

»— t 

^ 

1— « 

a 

0 

1— 1 

^~ 

to 

U_ 

Ct 

z 

_l 

LjJ 

• 

• 

u 

to 

_J 

t— 

0 

LU 

to 

to 

ct 

cv: 

< 

,-»^ 

Q 

<f 

1—1 

^ 

< 

3 

0 

Q 

_j 

> 

■z 

lu 

UJ 

1— 

LU 

to 

< 

a 

to 

LU 

U 

z 

to 

LU 

t— 

u 

» 

•> 

• 

0 

to 

a 

> 

LU 

-J 

Ul 

O  O  CO 

to 

U 

LU 

•— 1 

a. 

LU 

Ct 

X 

Ll 

< 

U 

u 

to 

< 

0 

•^ 

Ul 

_i 

^ 

»— 1 

_l 

*— 4 

3 

Ul 

z 

Q 

CD 

< 

Ct 

Ll 

Ul 

0 

21 

—> 

Ul 

»— 

U~; 

Q. 

1—1 

<, 

oc 

LU 

_i 

to 

U 

s 

»- 

(— 

>- 

cc 

LU 

< 

< 

Ul 

a 

Ll 

^-. 

X 

< 

< 

0  -1 

UJ 

v^ 

»— 4 

< 

Ul  3 

-d" 

21 

U 

vO 

< 

•^ 

<f 

1— 

>— 

lo 

»— 1 

< 

_i  a 

5: 

U 

z 

■z. 

s 

1— 

0 

• 

< 

» 

» 

u 

uo 

• 

1— 1 

< 

CD 

a 

CD  I/O 

< 

(V 

3  O 

z 

Ul 

0 

» 

to 

0 

>;< 

to 

0 

X 

LU 

»— • 

< 

>— I 

a: 

3 

li- 

<v 

Ct: 

►— 

lA) 

f-\ 

0 

< 

• 

to 

< 

t— 1 

CO 

Ct 

CC' 

X 

u 

X  Q 

o  o 

5: 

LU 

1 

UJ 

ct 

t— « 

m 

< 

51 

LU 

00 

< 

» 

<!- 

» 

r— 1   • 

o 

to 

< 

u 

u. 

1 

1— 

xO 

>r 

< 

CO 

u_ 

^-1 

IJL 

in 

r- 

1—1 

1— 1 

CO 

(Nj  ir» 

or 

y- 

3 

0 

1 

< 

» 

• 

* 

<^ 

CD 

» 

' ' 

(\j 

^^ 

t— 

CO 

•^ 

c«^ 

—  CO 

CL 

UJ 

t/) 

H-l 

0 

I/)  5: 

0 

0 

z 

r\j 

1— 

II 

10 

(— 

t- 

(_ 

h- 

►- 

X 

< 

Z 

to 

U' 

1- 

Ql 

• 

r-H 

0 

< 

iA 

< 

1— 

< 

3 

1-  < 

1— 

<r  1- 

t/^ 

1— 

3  Z 

0 

3 

0 

m 

( 

UJ 

21 

Q 

21 

Z 

Q 

21 

z 

21 

U 

z 

21 

z 

21  Z 

, 

1— < 

a. 

< 

z 

a 

U_ 

u. 

%o 

21 

< 

DC 

Ct 

< 

cc 

>— < 

Ct 

Ct 

»— 1 

C< 

>— 1 

Ct  — 

X 

u 

Ll 

u. 

q: 

<r 

z 

0 

LU 

0 

3 

LU 

0 

a: 

0 

>— I 

oc 

0 

ct  0  ci: 

»- 

o 

U  o  »- 

q: 

H- H 

u  ct 

Ll 

t— 

Ct 

U- 

a 

u_ 

t— 1 

a 

Ll. 

Q. 

Ll  Q. 

<\l 

r- 

r— 1 

cn 

. 

in 

C\J 

CO 

CO 

OUUOUUUUUUUUU«^UUUU 


59 


in 


O 

^^ 

Lli 
CO 
< 

r 
a 

X 


o 


u 


X 

v« 

o 

~ 

fH 

O 

^^ 

» 

rH 

^ 

\ 

^~ 

rr. 

•> 

V 

^ 

\ 

c 

f\J 

V 

•• 

\ 

— . 

— 

1— 1 

«t 

— . 

<^ 

•» 

\ 

UJ 

•^ 

<J- 

\ 

• 

<f 

\ 

c 

U' 

• 

\ 

o 

• 

\ 

— 'J 

I/) 

o 

*> 

r-\ 

O 

•v. 

h- 

<r 

1—1 

<f 

— 

UJ 

t— 1 

•* 

l— ■ 

X 

UJ 

• 

V. 

Q. 

UJ 

<f 

z 

CL 

Ql 

o 

^ 

r-H 

Q. 

• 

CD 

— - 

•> 

rH 

.— 1 

LU 

II 

1— ( 

O 

rH 

< 
51 

1— 

o 

II 

a 

• 

UJ 

II 

LJ 

_j 

t— ( 

1- 

1—1 

o 

u 

I/) 

a 

X 

o 

0^ 

-z: 

i-j 

2 

ID 

r-( 

cr- 

> 

(\1 

U-i 

II 

UJ 

< 

UJ 

r-H 

\ 

r-H 

s: 

t/) 

a 

1— 

z 

II 

•^ 

a: 

_ 

UJ 

D 

1— 1 

CO 

U- 

UJ 

X 

<r 

CD 

u 

l~< 

1 — t 

u_ 

u 

o 

m 

< 

< 

C) 

II 

t/1 

I— 1 

z 

1— 1 

o 

^r 

_J 

< 

tv 

UJ 

H- 

< 

m^ 

(v 

CD 

a 

d: 

< 

(V 

c/) 

^- 

>- 

u 

O 

CO 

_) 

CO 

<-' 

t— t 

•> 

1 — 1 

or 

>- 

_l 

_l 

1 — 1 

z 

^ 

^ 

o 

UJ 

u 

^ 

< 

< 

CO 
UJ 

U-l 

3 

t— < 

o 

r-H 

_i 

-:> 

ti- 

►—1 

►—1 

fv- 

o 

•> 

< 

Q 

O 

z 

2r 

U.' 

U; 

>- 

(NJ 

• — t 

CO 

CO 

< 

z 

<: 

1— 

or: 

cr 

< 

1—4 

t— 

rj 

e 

CO 

CO 

X 

U- 

X 

(— 

z* 

Ll. 

cr 

,^ 

» — ' 

>— 1 

< 

CO 

CO 

u 

1 — t 

u 

u; 

Q- 

X 

t— 

o 

^ 

o 

(T 

< 

< 

CO 

UJ 

1— 

U-l 

1—4 

Z 

X 

o 

CO 

U-l 

KH 

< 

t- 

'^ 

-?_ 

UJ 

■SL 

CO 

:^ 

CO 

1— < 

c 

rv 

+ 

rr 

cr 

ul 

QL 

u_ 

U.J 

r— 1 

*- 

< 

u. 

X 

X 

X 

u. 

X 

X 

or 

X 

»• 

X 

a 

(\J 

» 

Gh 

•^ 

LTl 

»> 

m 

•« 

(NJ 

v« 

00 

o 

X 

1—1 

ir-i 

<r 

z 

r\j 

r- 

r-H 

f-H 

I— 1 

r^ 

CNJ 

in 

r\j 

r- 

i-H 

o 

in 

o 

C\j 

(.; 

o 

-.^ 

r«~i 

_ 

-* 

«^ 

■4- 

^^ 

<^ 

«^ 

<f 

«— 

r— 1 

^^ 

f-t 

«^ 

II 

I--* 

(— 

h- 

t— 

H- 

t— 

t- 

1- 

H- 

(^' 

CO 

< 

(- 

< 

1— 

< 

1— 

< 

(- 

< 

1— 

< 

1- 

< 

1- 

< 

-J 

z 

2: 

^ 

s; 

z 

5: 

z 

*>' 

■z. 

5_ 

z 

5: 

z 

51 

z 

2: 

< 

liJ 

O 

Ll 

o 

u_ 

a 

2 
o 

u_ 

» — t 

(V 
CL 

O 
u_ 

• — 1 

(V 

Cl 

o 

U- 

o 
u. 

or 
a 

(V 

O 
U- 

o 

^ 

a   Li_ 

o 

in 

x~- 

r-H 

t^ 

in 

r- 

1—' 

m 

ro 

<^ 

<f 

<t 

■J- 

o 

o 

o 

1—1 

rg 


UJ 

> 

CO 

15 

Q 
< 

< 

o 

UJ 
51 
O 


+ 


vo  Lo  r-t  <f  r^-  O    U- 

G^  iTv  o^  o  in  <}-  a)  cj  — 

O   (\l   C;>    O  <M  O   O-   If  1  Ll 

c^rHC^  Or-ionon„'C 
{\j(MLnr-inooo<t'— ' 
o  1-1  cj  c>  •-<  c  o  r\i  CD 

t-H  1^   CNJ    00   CO   IT.   rr>   <t   O 
OOh-OC^t^-cl-Ou     _J 

•  cn<}-\Ovor^ococ    ii 

O      ••••••••(- 

II    11    11    11    11    II    II    II    II  cr 
rHr\jrM<i-invOf^ooc7~i— 


> 

^- 

V. 

■~- 

_J 

CO 

z 

(M 

LU 

D 

^ 

c<^ 

> 

1— 1 

u 

00 

•v 

O 

o 

+ 

CM 

Ul 

< 

z 

1— 1 

• 

D 

cr 

^-- 

U' 

< 

vO 

1— < 

>;< 

X 

V 

• — 

* 

Q 

< 

< 

•■ 

>:< 

,— 

< 

CD 

5;; 

1— 

* 

Z 

(X 

U-l 

U- 

cr 

• 

» 

* 

5" 

~-' 

<r 

c 

t— 1 

< 

O 

U- 

(— 

<7n 

1—1 

^^ 

CD 

* 

o 

CO 

» 

II 

o 

U.J 

• 

1— < 

V 

r— 1 

— » 

UJ 

;>_ 

CM 

CD 

II 

II 

z 

cr 

o 

^^ 

c 

•—1 

z 

» 

Ll 

* 

— 

_J 

1— I 

II 

• 

II 

o 

II 

vD 

in 

s-' 

< 

CM 

CO 

• 

Q 

C7-    -1 

o 

O  CD 

II 

CO 

o 

^ 

II 

UJ 

UJ 

CD 

< 

II 

UJ 

O   — 

O 

cr 

s 

cr 

2: 

1—1 

v: 

C   < 

Q 

u. 

o 

< 

< 

< 

60 


o 
o 
o 
c 
c 
c 
o 
o 


«-> 

a: 

— 

(M 

3 

to 

* 

UJ 

H- 

to 

* 

z 

■ — 

< 

I/) 

o 

+ 

5: 

=) 

a: 

— . 

< 

MH 

>!< 

x 

* 

O 

— 

u 

— 

< 

(NJ 

UJ 

(Ni 

oc 

>ic 

53 

>;« 

•_ 

5K 

>< 

>^ 

* 

I/) 

+ 

to 

*-. 

D 

^~ 

3 

CsJ 

•— 1 

00 

» — 1 

^-• 

* 

Q 

to 

O 

to 

* 

< 

< 

< 

UJ 

< 

o: 

>^ 

CV 

fV 

o 

^< 

< 

. ■ 

U- 

UJ 

* 

* 

>;c 

+ 

i 

?- 

vO 

^~ 

vO 

. — 

o 

T-i 

(NJ 

i-H 

UJ 

X 

X 

— 

<t 

>l< 

<}■ 

z 

u 

u 

+ 

c— 1 

>!' 

1—1 

o 

UJ 

UJ 

•   • — 

• 

00 

• 

(V 

5^ 

s 

(M   ^ 

CO 

3 

ro 

>l« 

>-. 

X 

X 

\    (NJ 

^ 

1— 1 

5|< 

^» 

z 

•> 

» 

I/)   * 

ll 

Q 

_l 

(N 

•^ 

<r 

< 

z  * 

UJ 

< 

UJ 

>l< 

•— * 

O 

o 

a:  _i 

> 

rr 

> 

>lc 

— . 

UJ 

UJ 

3  UJ 

>[< 

. . 

>l< 

to 

UJ 

;^ 

s: 

»-  > 

O 

>i< 

o 

3 

to 

— 

o 

o 

*  — 

X 

vO 

X 

►— . 

< 

\ 

•> 

» 

o  >;< 

or 

I— I 

or 

Q 

X 

» 

z 

^- 

z 

•~ 

I    • 

— 

>a- 

^' 

< 

a 

o 

u. 

< 

u. 

\- 

cr  <f 

_' 

1— < 

<— 

q: 

^ 

#• 

• 

1—1 

c 

1—1 

0' 

«  — 

>'c 

• 

>!<: 

»- 

— 

• 

^~ 

<J- 

1- 

u. 

1- 

1- 

<»  — ^ 

— 

en 

— 

>;<: 

1— 1 

1—1 

o-\ 

z 

U- 

1/ 

?' 

tO 

_) 

rsj  >^ 

t\l 

V 

(NJ 

vO 

i/^ 

+ 

• 

#* 

» 

U- 

6 

u. 

3 

*    — 

* 

_J 

>l« 

r— ( 

#^ 

^^ 

r- 

•—1 

X 

•« 

\ 

» 

»— 

lO 

«    (N 

>l< 

UJ 

>1< 

<1- 

vD 

^~ 

o 

in 

^- 

in 

1/-J 

z 

I/) 

»- 

u_, 

CO   * 

< 

> 

< 

1—1 

< 

— 

o 

>;< 

o 

1— 1 

uO 

U- 

to 

» 

cr 

^  * 

Q. 

* 

a 

• 

•> 

vO 

^*. 

— . 

< 

» 

< 

►—4 

< 

I— 

*> 

«   I/) 

< 

o 

< 

rr. 

m 

<r 

< 

^ 

SI 

f— 1 

^ 

t— 

2: 

_J 

UJ 

Q  3 

U 

X 

u 

-I< 

<: 

>i< 

»- 

o 

nj 

• 

u_ 

to 

u. 

3 

o 

<  -- 

•.^ 

a: 

>_ 

_J 

•* 

v£> 

u. 

►— 1 

Q 

iTi 

•■ 

u. 

• 

to 

o 

cr  c 

* 

w 

* 

UJ 

<J- 

< 

(-^ 

1— 

» 

U- 

U-' 

— 

UJ 

UJ 

o 

^/ 

—  < 

t— 

•^ 

t— 

> 

< 

^- 

r— 1 

< 

.~ 

•> 

^^^ 

1 

z 

cc 

(V 

^ 

*  q; 

I/) 

* 

to 

;:< 

#> 

+ 

O 

(v 

Z 

X 

o 

^-. 

o 

•t 

< 

X 

<  — 

t — t 

< 

>— 1 

o 

(^ 

— 

o 

— 

•^ 

in 

ct: 

to 

tv 

UJ 

\ 

•^ 

CL  * 

to 

CL 

to 

X 

< 

ir 

-J 

u. 

1— • 

r— ( 

•• 

to 

to 

*~ 

•> 

Q 

(— 

o  — 

<  -« 

UJ 

< 

UJ 

q: 

» 

< 

-^ 

Z 

^- 

•> 

t— 

to 

< 

u_ 

o 

to 

o 

_J 

z  o 

U    CM 

(V 

u 

£V 

^^ 

(NJ 

>;< 

^ 

< 

o 

c 

u 

to 

s: 

»— t 

o 

to 

V 

3 

—  o 

*     « 

* 

* 

* 

• — 

< 

in 

• 

f- 

UJ 

• 

< 

< 

u. 

cc 

in 

< 

•> 

to 

to  in 

~   * 

.— 

< 

^^ 

A 

» 

< 

c 

< 

rv 

(NJ 

UJ 

5 

* 

UJ 

(NJ 

->. 

X 

LU 

LU  rvj 

f\J   < 

fVJ  O 

(NJ 

<• 

1—1 

•^ 

(NJ 

— 

u_ 

1—1 

(X 

< 

< 

trl 

— 

< 

«^ 

CC 

CO  ^ 

*  e? 

* 

UJ 

>,■< 

a 

< 

^^ 

11 

in 

II 

u. 

•^ 

o 

\— 

«K 

O 

* 

>- 

*    UJ 

t— 

>;< 

s: 

>;« 

< 

«^ 

U- 

■>— 

< 

--^ 

•t 

• 

U.: 

c 

UJ 

UJ 

o 

z 

• 

U-l 

<  s 

u 

<  o 

< 

u 

c 

t— 

z 

\ 

z 

in 

X 

Z 

K 

s: 

z 

z 

ct: 

'^<' 

CNJ 

z  z 

o  o 

< 

o 

+ 

o 

+ 

> 

(X 

•^ 

vO 

•^ 

o 

UJ 

UJ 

in 

1 — 1 

< 

o 

►—1 

o 

< 

to 

1 

•-  o 

LU  <- 

UJ 

U-l 

^~ 

UJ 

— . 

►— 

o 

t— 1 

< 

1—1 

r-l 

3 

3 

•^ 

t— 

<— 

1— 

•— 1 

LU 

• 

1—  — 

F   — 

ct 

>: 

<y) 

.^ 

51 

X 

c 

to 

<_< 

II 

<— 

Z 

Z 

1— 

3 

Z 

II 

z 

3 

to 

z 

o 

CO 

1— ( 

z 

3  to 

O    II     • 

o 

UJ 

(N) 

O 

u 

II 

o 

o 

UJ 

(— 

►— 1 

►— < 

< 

O 

o 

X 

q: 

o 

z 

o 

o 

II 

II 

cv: 

o  z 

«-  UJ  <3- 

_l 

Qi 

>;^ 

liJ 

_i 

o 

< 

1— 1 

to 

z 

t— 

1— 

s: 

cr 

•^- 

u 

3 

c^ 

UJ 

s:  ■-< 

a: 

UJ 

_l 

Uj 

3 

(V  UJ 

II    Z   \ 

_J 

II 

U. 

>!« 

II 

5 

_J 

o 

2^ 

1— 

< 

1—* 

Z 

Z 

a: 

Q  CD 

5" 

UJ 

1— 

O  CD 

5. 

s:  II 

< 

Q 

_J 

z 

1— 

o  CD  5: 

(\j  O   ^ 

< 

r<^ 

+ 

LO 

<r 

X 

< 

^ 

OJ 

< 

X 

Qi 

o 

o 

O 

Z  3  O 

s 

u. 

Z  3 

1 — t 

o  o 

II 

o 

< 

o 

LLi 

Z  3  - 

<  Qi    — 

u 

< 

^ 

Z 

< 

+ 

u 

<r 

o 

(X 

a 

Q. 

u 

u 

Ll. 

UJ  I/) 

U 

X 

a: 

UJ  to  O 

u  z 

X 

ili 

u 

q: 

CC 

UJ  lO  Q 

.— 1 

i-H 

(NJ 

f— ( 

CO  O 

in 

o  o 

in 

vO 

o 

r\j  rsi 

o 

(^ 

1-1 

61 


o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

c 

o 

c 

o 

c\j  m  <^ 

ir\ 

vO 

r- 

CO 

o 

o 

t— 1 

f\J 

(X\ 

<^ 

ur\ 

^o 

1^ 

03 

o 

I— 1 

.—I 

1— 1 

r-t 

rH 

1— 1 

.— 1 

1— 1 

>-H 

o 

o 

o 

o 

o 

c 

o 

o 

C' 

c 

o 

o 

c 

>;« 

o 

o 

o 

o 

o 

c 

o 

c 

c 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o  o  c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

ooooooooo 

<-H(Mf\jf\jr\irg(\j(NJf\i 
O  C  O  O  I  o  o  o  o 
ooooooooo 
ooooooooo 
ooooooooo 
ooooooooo 

t 


o  o  o  o  o 

00  0~-   O  f-H   (M 
(M  (Nj  m  CO  ro 


o  c  o 

o  o  o  c 

o  o  o  o 

o  o  o  o 

o  o  o  o 


c  o  o  o 

r<^  <f  in  vD 

ro  ro  fTi  ro 

coco 

c  o  o  o 

o  o  o  o 

o  o  o  o 


o  o  o  o  o 


UJ 


o 
on 


o 


u 

Ll_ 


LU 

to 

CO 

'Jj 
CO 


Q 

lij 

h- 

a. 

UJ 

u 
u 
< 


t<^ 


LU 

f\j 

Q 

►—• 

cr 

o 

^^ 

O 

o 

1 

UJ 

UJ 

*^ 

> 

0^ 

1—1 

< 

(M 

+ 

h- 

0^ 

» 

_l 

rvi 

< 

cr- 

f\] 

o 

i^ 

>— 1 

(D 

o 

CO 

r-t 

o 

«> 

«— 

in 

bJ 

CO 

ON 

^ 

.-V 

•» 

CO 

.— . 

1— 

(\i 

Z 

r<^ 

^ 

o 

r^ 

ON 

X 

1— ( 

1 

r-l 

* 

•> 

r-t 

vO 

» 

o 

ON 

•• 

•> 

t— 1  ^-. 

r-4 

UJ 

in 

X 

vO 

I 

•» 

(NJ 

c 

t— ( 

ON 

r- 

r- 

00 

+   U- 

o 

» 

*v 

(NJ 

in 

I— 1 

» 

o 

• 

9^ 

• 

o 

» 

^   X 

»^ 

• 

CO 

U- 

» 

in 

» 

<t 

• 

1— ( 

in 

o 

ON 

r-t 

in 

-^ 

<  -1 

o 

r-H 

• 

r— 1 

<— 1 

(NJ 

II 

O 

vt- 

.— 

^^ 

rH 

vO 

r— 1 

II 

II 

II 

U_' 

_J  u_ 

-) 

.— 1 

o 

1 

II 

^^ 

CD 

ro 

^~- 

CNJ 

1— 1 

fNi 

rH 

1— 

r— 1 

+ 

,^ 

II 

t— 

Z 

«-. 

(- 

z 

1— 

z 

1— 

-~ 

a 

V  X 

1 

+ 

II 

o 

»— 

Z) 

1 

• 

1— 1 

-^ 

1 

«^ 

< 

II 

o 

^~ 

c 

-— 

_l 

a: 

O 

_j 

IV 

_J 

cv 

z 

I— < 

O 

o 

II  ■>>: 

o  o 

o 

o 

-— 

5: 

CD 

o 

_l 

O  O 

CNJ 

+ 

(Nl 

(Nl 

O 

1— 

2: 

:e 

z 

X 

z 

o 

3 

3 

i«^ 

3 

3 

z> 

2> 

•—4 

a 

z 

:s^ 

5:  r\J 

z 

51 

~7 

"y 

o 

II 

D 

h- 

sX 

2. 

2 

1 

(M 

»-H 

HH 

1— 

II 

Qi 

< 

II 

o^ 

•-» 

V 

to 

h- 

^- 

to 

h- 

I/) 

1- 

or 

o 

«^ 

-^ 

<    II 

II 

— 

II 

II 

5: 

CD 

_J 

fNsJ 

II 

II 

U. 

•—1 

— » 

II 

s: 

o 

_i 

c 

U- 

0. 

«^ 

UJ 

UJ 

U- 

UJ 

UJ 

UJ 

UJ 

a 

t— 

U- 

U_ 

-J  o 

O 

U. 

o 

O 

^- 

Z> 

«^ 

o 

II 

O  tNi 

II 

>^ 

u_ 

(Nl  O 

D 

u_ 

^ 

v 

H-H 

»— 1 

(— 

Qi 

q:: 

*"* 

ce: 

q: 

q: 

cr 

I/) 

H-* 

HH 

5^  -) 

2: 

^ 

2: 

2^ 

1— 

_l 

(— 

o 

U- 

5: 

►— < 

u_ 

1— 

»-H 

HH 

ID 

i/^ 

o 

o 

in 

r— 1 

(\i 

co 

<h 

in 

vO 

rH 

1— ! 

(\) 

<r 

ro 

1— ( 

vD 

r- 

00     On 

I— 1 

r—l 

CVJ 

fVJ 

rvi 

(\J 

62 


c 

o 

o 

o 

o 

o 

o 

c 

e 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

00 

o 

o 

1— t 

t\J 

CO 

vj- 

lH 

vO 

r~ 

oo 

o 

o 

1— 1 

<N1 

CO 

-d- 

in 

vO 

t^ 

oo 

o 

o 

f— 1 

ro 

CO 

<f 

<r 

<r 

<f 

<f 

<r 

<r 

<}• 

-3- 

^ 

in 

ir\ 

LTV 

in 

in 

in 

in 

in 

in 

in 

nO 

nO 

C 

o 

c 

o 

o 

o 

o 

c 

c 

c 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

c 

c 

C 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

c 

o 

o 

c 

o 

o 

o 

o 

o 

o 

e 

o 

c 

o 

c 

c 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

X 
UJ 
>< 

< 
UJ 

o 


in 
r- 


in 
< 


to 


CO. 

+ 


nj 

+ 

f\i 

.»- 

•— ( 

-) 

~- 

nj 

(Ni   — 

O 

\- 

in 

•   h- 

V 

'— 

* 

•^ 

c  * 

•^ 

Ll_ 

o 

X 

CO 

5^     • 

1— t 

* 

V 

V. 

iT. 

•   CNJ 

. — . 

>-> 

f\j 

u. 

•^ 

CO     + 

s: 

II 

~> 

1— 

1 

II 

CO 

II  5: 

D 

-> 

«^ 

II 

CD 

CO 

— 

in 

r-< 

->  :d 

in 

1— 

1- 

-z. 

•D 

1 

1—1 

— 

1        • 

(/; 

Vv 

o 

II 

_J 

CL 

-J  O 

o 

+ 

C\J 

nj  f\j 

O    II 

• 

in 

^- 

Z) 

D 

^<- 

s: 

s: 

(NJ 

«— 1 

*-<    \ 

<r  5- 

t— t 

-> 

CO 

1— 

<NJ 

II 

II 

>— 1 

^^ 

II    Ll- 

O  D 

II 

O 

— 

LL.1 

LU 

11 

o 

nj 

•>— 

U- 

fVi     II 

O   LO 

U. 

O 

1— 

a: 

ca 

U- 

^ 

1— 

»— 1 

^  Li_ 

o 

o 

I— i 

t— t 

OO 

^ 

in 

in 

IT 

in 

X 

-)  u_ 

—  a. 

O  I-  X 

s:  *  UJ 

•     •  sjc 

CM  r\j  5: 

II    +  D 

Z)  — 

O    IT;  v.- 

r-   II  • 


o 
I— < 

U'   — 


o 

V   Ll_ 


It  -> 
-^  — 
I— 
C  II 
00   -~ 


O 


o  d: 

X  UJ 


CO 

< 


UJ 

d 

•> 
CO 
U) 
< 

< 


O  Z>  O  3    II 
^  U_  O   CO  O  CO  u_ 


(-  c 
Uj  Z 
DT   U_ 


U.i 

z  z: 

►-  o 
I—  •— 

D  CO 

o  -z. 
a:  UJ 

CQ  5"_ 

D  — 

IT;  Q 


in 


CO 

< 


in    I 
in    • 


I—    •>  <r  \ 


o 

•  tv 

•— t  < 

I  — 

O  II    z 

(V  CO  or 

<  I/)  Z) 

w  <      (— 


CO 

in 


C 


o 

00 


vO      •   l/l 

—  CO  cv: 


o  o 
in  (v 


u.  5:  UJ  u_ 


<  — 

II       T-\ 

I/)  s: 

K-  UJ 


Qi 
UJ 
t— 
II 
CO 

I/) 

< 


^  U_  I-  <  z 

in  vO 


CNJ      II 

II  •-< 

< 


c 
o 


63 


c 

o  o 

o 

o 

o 

c 

c 

c 

o 

o  o 

o 

o 

o 

o 

c 

e 

c  o 

o 

c 

o 

o 

o 

1— 1  (\J 

ro 

<t 

LH 

vO 

r- 

CO 

o 

O    r-H 

og 

CO 

<J- 

lTi 

vO 

r- 

CO  c^ 

c 

r-l 

CM 

(T( 

o 

o  o 

o 

o 

o 

o 

c 

o 

1— 1    r-l 

r— I 

t— I 

■—1 

1— 1 

1— 1 

t-H 

1— t  1— I 

CNJ 

CNJ 

CNJ 

CNJ 

c 

o  o 

c 

o 

o 

o 

c 

o 

c  o 

o 

o 

c 

o 

c 

c  c 

o 

o 

o 

o 

o  o 

o 

o 

o 

c 

o 

o 

o  o 

o 

o 

o 

o 

o 

e 

c  o 

c 

o 

o 

o 

o 

o  o 

a 

c 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o  o 

c 

o 

o 

o 

o 

oo 

o 

o 

o 

c 

c 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o  o 

o 

o 

c 

o 

o 

o 

c 

o  o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

CNJ 


tv  ^ 

M  ►- 

—  M 

<  — 

1—  < 

I/)  I- 
00 


< 


CO    CNl    CNJ 

<    -)    -) 

1—     _l     _) 

i/^  v~,  lyi 

ro  ro 

i-H    I— I 


,-(    (V    H-. 

CD  rsJ  fsj 

>^ 

-m^     '•-^     -^^ 

1^ 

<  <  < 

Q 

1—  1—  (— 

» 

CO  I/)  i/l 

Ol 

d 

* 

(X. 

Q 

— 

^ 

r-H 

1— J 

D:: 

CNJ 

— 

■^ 

^ 

•> 

1 — 1 

ro 

CNJ 

r^ 

^- 

UJ 

r-( 

I-H 

.— 1 

a: 

CL 

< 

•^ 

O 

-) 

-) 

u_ 

U- 

•V 

.— ( 

-) 

-> 

-) 

•> 

>if 

►—1 

•V 

-J 

_J 

X 

X 

1— ( 

Q 

-J 

_J 

_J 

fVJ 

• 

M 

I— < 

c/) 

0-) 

UJ 

UJ 

rvj 

^ 

CO 

CO 

CO 

CD 

CNJ 

^ 

CL 

^. 

+ 

+ 

r 

■— 1 

. — 

,~ 

•< 

+ 

tv 

•^ 

CD 

tr 

a 

CO 

CD 

CO. 

1—1 

• 

o 

M 

cr 

1— ( 

M 

#» 

I-H 

r-i 

t— ( 

— 

Oil 

r— 1 

I-H 

» 

D. 

<f 

— 

-- 

•> 

cr 

<»■ 

<t 

xt 

CNJ 

•^ 

^ 

•^ 

»— 1 

•> 

-~ 

1—1 

1— 1 

f— 1 

►— c 

Q. 

I— 1 

r-1 

1— ( 

+ 

1— 

^- 

o 

>- 

(NJ 

CO 

^- 

CD 

03 

>- 

•> 

-.- 

^- 

>— 

_J 

>- 

\ 

f— I 

^ 

CD 

«-- 

l~-- 

• — 

w 

•^ 

CNJ 

r- 

r- 

r- 

^- 

•* 

■~ 

«> 

Qi 

•• 

< 

U_ 

3 

Z) 

Oi 

OQ 

ix. 

u_ 

u_ 

-) 

Di 

CNJ 

CNJ 

>- 

r-H 

Z 

X 

51 

s 

>- 

«v 

X 

X 

X 

_J 

>• 

— 

--~ 

>;< 

r— I 

•> 

CD 

U-i 

U-J 

u_ 

Lu 

•> 

t— 1 

LU 

UJ 

U.! 

CO 

«^ 

►— 1 

1—1 

iit 

-^ 

>— 1 

•> 

+ 

1 

1 

K-H 

CQ 

+ 

•+ 

+ 

>— t 

< 

o 

o 

r— 1 

X 

1— ( 

X 

«« 

X 

•V 

r% 

d: 

O 

•^ 

>- 

•> 

1— < 

— . 

>-> 

» 

q; 

ct 

< 

C 

a: 

1 

.— 

^- 

a: 

>- 

— 

— 

-~ 

a: 

D:r 

or 

< 

Q 

— 

O 

X 

«^ 

f— ( 

— 

CNJ 

. — . 

— 

X 

•^ 

i—t 

1— 1 

r— 1 

ixt 

U.I 

X 

•* 

•> 

— 

o 

-~ 

— 

IX 

^^ 

ro 

C' 

H- 

h- 

>- 

cc 

CD 

CD 

CD 

v: 

v: 

w. 

r^ 

(NJ 

* 

• 

CNJ 

o 

> 

.—) 

.^ 

•^ 

^> 

^- 

1— 

> 



w 

■_ 

>^ 

w. 

O  03 

CD 

— 

1 

^- 

> 

» 

a 

-) 

> 

> 

> 

—I 

•V 

D 

3 

Z) 

< 

< 

O 

•• 

•> 

— ~ 

— 

T- 

►— < 

»— * 

~> 

_J 

c^ 

O 

C 

Z) 

(—1 

5: 

s: 

:?: 

1— 

h- 

Ol 

t— < 

1—1 

f-H 

■^ 

cc 

— 

Q 

X 

< 

CO 

U- 

u_ 

u_ 

^ 

X 

u. 

U_ 

U- 

CO 

i/; 

CL 

X 

>- 

1—1 

1—1 

»— 

(M 

UJ 

CNJ 

•t 

t—l 

1 

r 

1 

1 

1 

#» 

*> 

Q 

Q 

2 

^^ 

1— 

~— 

on 

G 

D^ 

Ci 

q: 

* 

>,'< 

cr 

s: 

+ 

51 

O 

x 

>;< 

^~ 

X 

X 

>• 

1— ( 

or 

UJ 

(V 

1.0 

o; 

q: 

UI 

— • 

.~ 

1— 1 

»~ 

^~ 

^- 

CK 

u.: 

.^ 

. — . 

^^ 

«^ 

U_i 

^.■ 

_ 

< 

< 

K- 

UJ 

I/: 

U.I 

< 

Z 

c. 

r\j 

^ 

C2i 

r— 1 

li: 

1— < 

Uj 

z 

o 

CNJ 

a: 

1— H 

-» 

— . 

z 

^ 

5: 

1 

+ 

^^ 

1- 

< 

H- 

O 

\ 

t — * 

o 

□D 

CNJ 

+ 

CD 

CL 

a 

vr 

1— 1 

o 

CD 

CL 

CL 

f-H 

f\j 

1—1 

cr 

Ct 

ct 

cr 

II 

— . 

s 

II 

o 

• 

1— 

ct 

^- 

— 

Q- 

^ 

^- 

«-» 

• — 

1- 

cc 

^-. 

•w 

>^ 

•^ 

w 

t-  o 

o 

o 

Q 

'~- 

U- 

< 

'- 

1— t 

r-H 

3 

CL 

< 

< 

a 

< 

< 

< 

< 

3 

a. 

< 

< 

< 

< 

< 

3 

z 

z 

« 

>!« 

CNI 

(/) 

II 

i-H 

^ 

II 

z 

O 

O 

z 

* 

O 

o 

o 

H- 

O 

o 

Q 

O 

z 

z 

o 

ck: 

»— • 

—' 

tn 

i—i 

CTi 

w. 

O  oi 

I/) 

CV 

cr 

_J 

_J 

UJ 

d: 

_J 

_j 

_j 

cO 

a: 

_j 

_l 

_J 

_J 

LU 

LU 

cc: 

_j 

—1 

< 

< 

s: 

< 

+ 

Ol 

5; 

h- 

D 

to 

3 

CO 

_J 

Q 

a 

CD 

_j 

C, 

CD  _J 

_l 

II 

II 

z  ct 

•.^ 

2 

< 

£r 

1- 

< 

h-  Q 

3 

< 

II 

z 

3 

< 

z 

D 

< 

< 

cr 

>— 1 

M    LU 

Li_ 

II 

s 

Uj 

c 

UJ 

s 

UJ  z 

t/^ 

u 

t— 

U.1 

CO 

u 

Ll' 

to 

u 

u 

a. 

a 

-.  1 

1— < 

Z 

< 

H- 

o 

q: 

< 

q:  UJ 

LU 


C    r-l 


CNJ  ir\ 


CNJ    ^n 


CO 


64 


c 

c 

o 

c 

o 

o 

-;f 

iTi 

vO 

t^ 

00 

o> 

CVJ 

<N 

fM 

(N 

C\J 

C\J 

c 

c 

O 

c 

o 

c 

c 

c 

o 

o 

o 

o 

c 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

—  CM    -^  --I   rM 
O  <  UJ  CD  to 


o  o 

< 

< 

< 

(V   Q 

a 

H- 

t— 

M   _l 

_j 

U~> 

kT) 

., — 

+ 

CD 

'- 

O 

—> 

CM 

o 

CM 

+ 

— 

o  -~ 

+ 

< 

1—1 

<!■  UJ 

_J 

r-H 

CD 

O  H 

n 

n 

> 

Di  t- 

_l 

o 

o 

NJ  (/) 

CO 

< 

u. 

+ 

+ 

_ 

li^ 

^^. 

— >    t-H 

-~ 

+ 

r\i 

o  < 

LU 

_l 

< 

o  u 

isi  _l 


CNJ 

to 


to  ^ 

•>  CNJ 

.-H  CL 

CD  —  -) 

*  DC  O 

(\l  C 

<  o 

•>  o 

f-H  O    — 

<  r-    r-H 

^  —  < 

5:  r-  -' 

(V  >  O 

O  I1-'  Q 

Z  00  _) 

+ 


to  -)  < 

X  _l  c 

t-  I/)  -J 

+ 


.-I  CD  to 

_J  <  < 

Q  I—  t— 

_l  I/)  to 


r\i  f-t  1— t 
<  to  CD 

U  <  > 

O  I-  c 
_l  to  U- 


+ 
—  < 


O  -J 

tt:  to 

Oj 
D 
t/0 


t-H    CNJ 

+     +     — 


< 

CNJ    f-H    ~- 

Q.  CL  < 
->  -)  O 

O  <  -I 

+ 


<  >-< 


65 


LU 

LU 

-^ 

Q 

_l 

3j 

1— 

D 

LU 

_J 

t— 

rr 

h- 

lU 

CO 

LU 

Cl 

z 

Q 

X 

U- 

— 

X 

Z 

3 

0 

Q 

Z 

—' 

Z 

LU 

UJ 

I/) 

CO 

1— 

Ll. 

CO 

(— 

1—4 

2: 

z 

3 

< 

LlI 

1—4 

-J 

CO 

Z 

r— 1 

< 

t— 

1—1 

1—4 

z 

h- 

ct: 

U 

< 

< 

< 

z 

en 

1— 1 

3 

u_ 

X 

< 

1—4 

H- 

z 

> 

> 

X 

cr 

h- 

LU 

z 

0 

< 

u 

Z 

< 

< 

1— 

Q. 

f- 

3 
Q. 

X 

2 

LU 

1— 

3 

Z 

> 

V' 

0 

0 
< 

UJ 

X 

1— 

1— 

3 
0 

Q 

u 

Z 

1 — 1 

UJ 

LU 

u 

z 

LU 

s: 

1— 

>— 4 

CO 

UJ 

Z 

t— < 

♦— t 

LU 

^ 

</) 

s: 

z 

LU 

CV 

CO 

•^ 

< 

1— 

LU 

CO 

Ll 

5: 

LU 

U.J 

3 

h- 

u_ 

u_ 

0 

u_ 
0 

U_l 

3 

or 

UJ 

LU 

D 

0 

< 

Z 

< 

0 

U_ 

x: 

>— 4 

u 

O 

0 

< 

u 

I— ( 

z 

_J 

lU 

0  < 

CO 

UI 

h- 

Q 

3 

Z) 

U 

1- 

1—4 

1— 1 

CL 

(V 

^ 

ct 

u 

3 

UJ 

0 

1— 

< 

_l 

_J 

z 

CO 

u_ 

10 

»— 

LU 

z 

CL 

2 

CO 

■— ( 

0 

0 

a 

< 

< 

.—1 

LU 

Q 

< 

z 

z 

z 

q: 

> 

a 

\— 

Q 

:?■ 

-J 

z 

Di 

1— 

1 — 1 

LU 

< 

o 

1— 

< 

z 

< 

•V 

3 

Q. 

UJ 

0 

CO 

«v 

X 

cr 

< 

u 

-J 

1—1 

Q 

LU 

2: 

4 1 

1— 

1—4 

a: 

t- 

X 

1— 

2: 

UJ 

_1 

< 

CO 

z 

_J 

z 

_l 

u_ 

r\j 

r— 1 

CO 
LU 

u 

z 

u 

LU 

UJ 

^^ 

LU 

LU 

0 

0 

_J 

< 

1—4 

3 

0 

(y: 

3 

1—1 

2: 

0 

X 

'— 

\ 

X 

•—1 

S 

I— 

< 

1— 

^>^ 

^ 

z 

0 

X 

X 

(— 

V, 

\ 

1- 

U 

U~! 

< 

CO 

'-' 

u 

•> 

CO 

_J 

CO 

(— 

< 

X 

_i 

Z 

0 
z 

< 

(X 

U.I 

\ 

X 

Oi 

LU 

0 

Q. 

UO 

< 

3 

< 

1—1 

1— 

u 

< 

—^ 

0 

X 

DD 

<J- 

• 

\ 

1— 

h- 

X 

0 

"i; 

a 

1—4 

q: 

y 

1—1 

D:: 

0 

LU 

< 

1—4 

• 

0 

«^ 

•-H 

u 

h- 

a: 

lu 

0 

< 

Q 

0 

3 

UJ 

z 

(— 

CO 

^ 

jr 

ctr 

0 

1— t 

<i- 

2: 

LU 

Q. 

z 

_J 

u 

< 

LU 

d; 

< 

0 

Ll 

u 

f—i 

UJ 

• 

_l 

z 

< 

• 

_J 

cr 

h- 

-J 

0 

2: 

X 

LU 

u_ 

•\ 

•> 

_J 

CO 

UJ 

a 

0 

ct 

LU 

LU 

or 

_l 

t— 

0 

Q 

z 

< 

2: 

3 

u 

I 

0 

z 

Z 

LU 

U-t 

^» 

a 

r-l 

r-i 

LU 

>— 1 

X 

< 

Cl 

CO 

U_ 

LU 

z 

1—4 

ai 

4—1 

UJ 

1— 

U- 

1 — 1 

> 

0 

\ 

4—1 

LU 

uo 

0 

IS 

-J 

UJ 

\i 

0 

CO 

>- 

Q 

2. 

>- 

4— 

2. 

e 

\ 

\ 

II 

a 

D 

D 

<r 

a 

CO 

u 

h- 

Z  UJ 

CO 

UJ 

«< 

IX 

h- 

h 

lI 

h- 

h- 

•v 

V 

II 

1— 

1—4 

0 

>- 

U 

Li: 

0 

0 

cO 

1—4 

1— 

2: 

_J 

0 

4—. 

w- 

•■ 

CO 

<r 

"v 

r 

Uj 

z 

UJ 

1—1 

u 

t— 1 

CO 

(— 

Qi 

_J 

t— 4 

z 

0 

►—1 

u 

u_ 

CO 

►—4 

X 

#» 

0 

U 

LU 

II 

X 

-J 

z 

1— 

< 

z 

< 

CO 

a. 

Q 

4—1 

lU 

UJ 

0 

CO 

0 

• 

•^ 

3 

CO 

t— 

— 

• 

z 

2: 

I/) 

1— 

0 

LU 

(X 

t— « 

U 

» 

rt 

UJ 

(i: 

X 

Ll_ 

CO 

_J 

U.I 

CO 

•—1 

U.I 

< 

•J- 

< 

LU 

3 

CO 

3 

< 

Q 

UJ 

CO 

lO 

■^ 

u_ 

1— 

LU 

LU 

u 

CO 

d 

ce: 

CO 

CO 

Ll 

1— 

U 

4—4 

LU 

0 

CL 

LU 

Ll 

< 

z 

0 

< 

CO 

•—1 

LU 

.ri. 

> 

z 

< 

<r 

#> 

q: 

^ 

I — 1 

< 

Q 

Q 

< 

LU 

Q 

0 

1— 

0 

< 

1—1 

LU 

z 

Ll 

X 

Ll. 

#> 

< 

2, 

0: 

z 

UJ 

2: 

II 

(J 

_J 

< 

1— 1 

Ct 

CO 

CV 

< 

1— « 

f— 

CD 

or 

>- 

►— 4 

0 

(— 

U_ 

— ' 

1— 

U_ 

» 

Ll 

h— 

U-i 

< 

(X 

or 

> 

Lu 

Li. 

1— 1 

< 

UJ 

0 

t— 

_l 

a 

u 

21 

1—1 

_J 

1 — 1 

«v 

_J 

4—4 

UJ 

CO 

0 

a 

10 

0 

0 

X 

0 

CO 

a 

0 

a 

X 

z 

> 

u_ 

K- 

<f 

u 

U' 

Cl 

-J 

1— 

^ 

h- 

< 

< 

1—1 

0:: 

cm 

Ll. 

1— 

LU 

z 

u_ 

t— 1 

> 

ui 

LU 

LU 

Q 

t— 

0 

CO 

u 

< 

z 

CO 

Q- 

CD 

< 

1 — 1 

h- 

u 

Q 

UJ 

Cl 

_J 

0 

Ct 

< 

0 

fx 

1—4 

3 

UJ 

1—1 

^ 

►—1 

Q. 

0 

<— 1 

'- 

C/') 

U. 

or 

z 

_l 

u 

LU 

• 

0^ 

u 

CO 

_) 

1— 

0 

UJ 

CO 

CO 

Q^ 

or 

< 

ct 

Q 

<^ 

4—1 

•V 

< 

3 

0 

Q 

_l 

3 

—I 

> 

Z 

LU 

LU 

LU 

CO 

< 

a 

CO 

LU 

u 

z 

to 

UJ 

1- 

^.^ 

•4 

* 

• 

0 

CO 

Q. 

> 

LU 

< 

Q 

_j 

LlI 

0 

0 

CD 

>- 

U 

Ll' 

( — 1 

Q- 

LU 

CH 

X 

LlI 

< 

U 

u 

CO 

< 

c 

Vv 

U.J 

_J 

V 

4—4 

10 

CO 

1 — ) 

_J 

»— 1 

3 

u 

z 

0 

CO 

< 

cr 

U_ 

UJ 

Q 

2: 

3 

LU 

H- 

CO 

Q- 

I— 1 

< 

!X 

UJ 

_J 

if) 

U 

1— 

3  Z 

CO 

3 

1— 

1— 

Z 

z 

UJ 

< 

< 

LU 

CL 

U- 

--^ 

X 

< 

«. 

0 

-J 

4—4 

1—4 

< 

CO 

LjJ 

VJ 

t — t 

< 

UJ 

3 

<1- 

5. 

U 

vD 

< 

» 

-J- 

h- 

».- 

CO 

4—4 

< 

_J 

Q. 

Z 

Q 

Di 

< 

2: 

u 

z 

Z 

u 

— - 

0 

• 

< 

•^ 

«- 

u 

CO 

• 

1—1 

< 

CO 

a 

CD 

CO 

4—4 

< 

1— 

2: 

< 

CV 

D 

0 

0 

UJ 

c 

•^ 

CO 

e 

* 

CO 

0 

X 

UJ 

HM 

< 

4—1 

cr 

u_ 

Di 

Z) 

Ll. 

< 

or 

U.) 

CO 

1—1 

0 

< 

• 

oO 

< 

1— < 

r<^ 

a: 

CD 

X 

u 

X 

Q 

X 

X 

0 

0 

2: 

LU 

Di 

1 

UJ 

ct: 

1—4 

CO 

< 

^ 

LU 

00 

< 

•4 

<f 

^ 

4—1 

*4 

(M 

» 

c^ 

•4 

0 

lo 

< 

U 

U_ 

1 

h- 

0 

<}■ 

< 

dj 

u. 

(—1 

il 

in 

r~ 

1—1 

1— t 

en 

fM 

in 

CNJ 

r~ 

f--\ 

4—1 

a: 

1— 

3 

1 

< 

^ 

• 

» 

~^ 

CO 

•^ 

— 

00  ^ 

1— 

cn 

-^ 

CO 

— 

en 

'W 

ro 

>_ 

>1- 

Q. 

LU 

CO 

>— 1 

0 

u 

U) 

*> 

0 

0 

z 

(\j 

1- 

II 

in 

1— 

h- 

4—1 

(— 

t— 

h- 

1— 

X 

< 

z 

</) 

X 

(— 

d 

• 

.— ( 

0 

< 

CO 

< 

H-  < 

3 

I— 

< 

1- 

< 

t-  < 

h- 

< 

1— 

I/) 

^- 

3 

Z 

>— 

3 

0 

c^ 

LU 

2: 

0 

2: 

z 

Q 

2: 

z  2: 

U 

Z 

2; 

z 

5l- 

z 

2: 

z 

2: 

z 

■— 1 

cv: 

< 

CL 

LL 

Li_ 

vO 

2: 

< 

cc 

Di 

< 

Q:: 

--  CC 

or 

1—4 

d: 

•— 1 

q: 

4—4 

(X 

4—1 

tx 

•—4 

I 

Li_ 

LU 

U- 

q; 

z 

z 

0 

Uj 

c 

3 

UJ 

0 

a:  0 

1—4 

or 

0 

Ci: 

0 

cr 

0 

Ci 

0 

cr 

t— 

0 

u 

0 

H- 

»— t 

u 

oc 

u. 

h- 

d: 

u_ 
in 

CL  U- 

r-- 

CNJ 

1— ( 

cl 

Ll 

t— < 
CO 

CX 

Ll 
ro 

a. 

u. 
in 

a 

Ll 
r- 

Q. 

uuuuuuuuuuuuuuuuuu 


66 


O 


UJ 

< 

X 

a. 


o 


(J 


c 


II 

or 
< 


o 

< 

I 
in 


o 


II 


CO 

LU 


< 

z: 

< 

X 
to  LU 

UJ  5: 

U-  X 
CO  00 


UJ 

a 


II 

to 

0-1 

UJ 

u. 

Ll_ 


to 


< 


UJ 


II 

UJ 

u 

< 

I— 
to 

to 

UJ 


< 

X  I- 

u  to 

LU  —. 


to  5: 

U- 

X 

•>  (\l 

ir>  r\j 


CD 

LU 
Q 

3 


< 


X 

CO 


X 

O 


z 

LU 
D 
O 

LU 

ct: 

LL 

X 

o 


C  X 

o  ir\ 


I-  <  t-  <  I- 


< 

q:  >-  a: 
ct  o 
a  u. 

(o 


o 
u. 


<  I-  < 

2:  s:  z  5:  z  5: 

-«  (v  •-«  a:  —  q: 

q:  O  q:  o  ct:  o 

a  U.  Q.  U-  Q.  Lj_ 


in 


CM 


LU 

to 
<r 

X 

CL 


o 
> 

< 

CD 

C 

(X 

u 


< 

CD 


LU  >-  nj  -<  — 

<v  <  .-I  2:  X 

XH-  O        CT-mooin<J-coo  —  2: 

OtOLU  0-(MOOf\JOOmLi-U. 

OvJ    +    Ci  C-.— iOO<— tCOOCNjO    — 

♦  <Li_       f\.if\jLnr~-Lnooovi-'— iu_ 

XQ.  0.-iOO<-HOOfMtDO 

m<z  •— ir~c\joc>coinro<fO«-< 
fNjuooc>r-oc^r---;i-OLn_je5 
>-  II  — I  •  c<~,  <)-  vo  sO  t^  00  o>  o  II  o 
f-Utoo    •    •    •    ••    ••    •^-_J 

<   _J   Z     II     II      II     II      11     11      II      II      II    Ct     II 

5:<LU-~-~. y^-^^<o 

c.  H-  5:•-i(M^o<)-ln^o^-ooc^^-z 

00   —   •^^«-'-—  —-'>--'lOLi-' 

u.i-CiOvjuuuuuuuv:v 


o 
o 


0 

—■ 

0 

-~ 

_j 

{\J 

z 

rv) 

Ul 

•> 

^ 

Of- 

> 

vO 

<f 

u 

CO 

\ 

1— 1 

0 

0. 

+ 

(\.l 

to 

<!• 

rg 

z 

>— I 

• 

D 

1—1 

» 

u 

< 

vO 

1— 1 

• 

<f 

V 

— 

'^ 

0 

CO 

0 

^ 

* 

— 

< 

\ 

nj 

1— 

* 

z 

cr 

I/) 

(V 

• 

•^ 

« 

to 

^~ 

< 

0 

>— < 

< 

< 

• 

1— 

0 

t— 1 

•^ 

0 

y 

0 

to 

» 

II 

0  LU 

< 

0 

V 

1— 1 

. — 

LU 

•5- 

UJ 

* 

c 

CO 

II 

II 

z 

cv: 

0 

z 

• 

t— ( 

0 

>— 1 

z 

^ 

u. 

>)c 

0 

<)■ 

1 

• 

CM 

t— 1 

II 

• 

X 

II 

0 

0 

«-H 

<i 

in 

-^ 

< 

f\J 

if) 

• 

ct: 

II 

0 

0 

1— t 

0 

0  0 

II 

_J 

to 

0 

< 

LU 

1- 

II 

LU 

Lu' 

0 

_J 

< 

II 

>i^ 

Z 

0 

►-I 

0 

a: 

s: 

cr 

< 

^ 

.— 1 

U- 

0 

0 

c 

< 

C 

U- 

0 

< 

u 

< 

< 

•— ( 

0 

0 

CM 

0 

67 


c 
c 
c 

c 
o 

o 
o 
o 


o 

c 
o 
o 
o 
o 
o 


q: 

. — 

.-. 

X) 

CO 

UJ 

LU 

1— 

CO 

z 

2 

N^ 

< 

•— t 

O 

+ 

5: 

h- 

d; 

*- 

< 

X 

:{« 

X 

5|< 

0 

— . 

u 

-— 

q: 

CM 

Ll) 

rvj 

* 

s: 

»;< 

z 

* 

X 

>i< 

0 

CO 

+ 

I/) 

*—* 

r> 

. — 

3 

t- 

»— 1 

CO 

1—1 

— « 

u 

Q 

CO 

C 

CO 

z 

< 

< 

< 

U- 

X 

q: 

s: 

X 

ce: 

u. 

w 

< 

•^ 

LU 

>l< 

>i< 

* 

+ 

_J 

^o 

• — • 

vO 

. — 

UJ 

1— 1 

(Nl 

f—( 

UJ 

X 

X 

in 

<f 

>;< 

<J- 

^ 

u 

u 

CO 

t—i 

>;« 

i-H 

0 

LU 

UJ 

LU 

• 

• 

CO 

• 

X 

:e 

2: 

CD 

C\J 

CO 

3 

fO 

* 

— . 

X 

X 

V. 

>:< 

1—1 

>;< 

— 

Z 

•V 

♦ 

z 

lO 

_i 

O 

_j 

rs) 

#k 

< 

< 

•— 1 

2 

Lul 

< 

LU 

* 

t-H 

0 

ID 

or 

> 

(V 

> 

* 

~^ 

UJ 

UJ 

Q 

:d 

>'fi 

^^ 

>!< 

W! 

UJ 

2; 

s: 

UJ 

(— 

O 

* 

0 

X 

l/^ 

•«— 

0 

0 

1- 

>:< 

X 

vO 

X 

►—I 

< 

^ 

» 

• 

a 

•  o 

a: 

1— 1 

X 

Q 

X 

» 

z 

— 

z 

— ~ 

UJ 

X 

«-' 

<f 

^- 

< 

Q. 

0 

u. 

<■ 

UL 

1— 

u 

(X 

w 

r-^ 

.-^ 

Q- 

—^ 

» 

• 

1— 1 

0 

t—t 

r 

u 

>!< 

« 

• 

* 

v^ 

.~ 

• 

— » 

0- 

I— 

Ll 

h- 

1— 

< 

— 

— ~ 

CO 

^-■ 

>i' 

1—1 

i-H 

m 

2r 

U- 

cr 

^- 

10 

_J 

(NJ 

(M 

>;< 

(M 

vO 

^. 

+ 

• 

» 

«^ 

Lu 

0 

LL. 

X 

h- 

>:< 

>!<: 

_l 

:^ 

1—1 

•^ 

.~ 

r- 

1— 1 

X 

9> 

\ 

•> 

•-» 

CO 

0 

* 

>l< 

LU 

* 

<!• 

yO 

-~ 

Q 

in 

— 

in 

CO 

Z 

CO 

^- 

LU 

z 

I/) 

< 

> 

< 

1— < 

< 

^« 

0 

* 

0 

(— * 

CO 

u. 

CO 

• 

or 

Z) 

a 

>'fi 

a 

• 

rt 

vO 

5: 

^~ 

< 

•* 

< 

1—1 

< 

1— 

•> 

X 

1 — 1 

< 

o 

<r 

CO 

ir\ 

< 

< 

^ 

s 

1—1 

5: 

(— 

5: 

_J 

UJ 

UJ 

Q 

u 

X 

u 

* 

< 

* 

~- 

0 

ro 

• 

Ll 

CO 

u. 

D 

Q 

Q 

< 

— 

IX 

— 

_J 

•v 

^ 

U_ 

1—1 

a 

in 

•* 

U- 

<s 

in 

0 

q: 

IX 

>i< 

»- 

* 

LU 

<J- 

< 

0 

1— 

9> 

u_ 

UJ 

^- 

UJ 

UJ 

0 

i^ 

0 

«^ 

H- 

•^ 

1- 

> 

< 

— • 

1— ( 

< 

■ — 

»• 

z 

1 

z 

ct 

D:: 

•> 

* 

CO 

>;< 

cO 

^ 

•> 

+ 

0 

X 

z 

X 

0 

— 

0 

^ 

< 

X 

Ul 

< 

>— < 

< 

1— 1 

0 

CO 

^. 

0 

_- 

9- 

in 

X 

CO 

X. 

LU 

"V 

^ 

> 

a 

CO 

Q. 

Uj 

X 

< 

LH 

-J 

u_ 

1—1 

1— 1 

•> 

CO 

CO 

^^ 

•1 

Q 

1— 

0 

— 

1—1 

< 

LU 

< 

LU 

q: 

•> 

< 

^- 

z 

•^ 

•\ 

H- 

CO 

< 

LU 

0 

10 

0 

—1 

z 

0 

t- 

u 

IX 

<J 

X 

— . 

(M 

>;< 

>!< 

< 

0 

0 

U 

CO 

jr 

►—1 

0 

CO 

i/ 

X 

s.^ 

0 

< 

>i< 

-■!f 

^ 

>l< 

— 

< 

ip, 

• 

(— 

UJ 

• 

< 

< 

U. 

Qi 

in 

< 

«^ 

CO 

in 

in 

0 

. — . 

— « 

< 

— » 

* 

«^ 

< 

0 

< 

q: 

nj 

LU 

IE 

>i< 

UJ 

(\i 

5" 

X 

UJ 

LU 

rg 

LU 

o^J 

rvi 

O 

<\l 

< 

r— 1 

«— 

CNJ 

«— 

u_ 

I— 1 

X 

< 

< 

CO 

— 

< 

* 

X 

CD 

^ 

Z 

I/)  >!< 

5|< 

LU 

i'K 

a. 

< 

•~- 

II 

in 

II 

U- 

•> 

0 

1— 

• 

0 

* 

1— 

r— 1 

uj  >:< 

h- 

»: 

5: 

>',< 

< 

— ■ 

u_ 

—^ 

< 

—. 

•> 

•> 

LU 

0 

U_l 

LU 

e? 

z 

• 

LU 

X 

-H   < 

u 

< 

o 

< 

u 

a 

t— 

2" 

v» 

z 

in 

X 

Z 

X 

5: 

Z 

Z 

q; 

^^ 

(N 

z 

z 

in 

a  o 

< 

o 

+ 

0 

+ 

> 

X 

•« 

vO 

9* 

0 

lU 

lU 

in 

1—1 

< 

0 

•— 1 

0 

< 

in 

1 

1—1 

0 

in 

LU  UJ 

LU 

Ll' 

—« 

U' 

-^ 

I— t 

0 

f— 1 

< 

1—1 

1—1 

Z) 

3 

^^ 

1— 

<^' 

1— 

r— ( 

LU 

• 

1— 

•— • 

>^ 

CO  s: 

tx 

s: 

CO 

—« 

5: 

X 

Q 

CO 

«^ 

II 

•-^ 

z 

.^ 

1— 

X 

z 

II 

z 

D 

<J) 

z 

0 

CD 

1—1 

z 

— ) 

CO 

t— 

o 

o 

U-i 

Osl 

0 

u 

II 

0 

0 

UJ 

1— 

1—1 

1— < 

< 

0  0 

X 

a: 

0 

z  0 

e? 

II 

II 

X 

0 

z 

< 

_j  ^ 

_J 

«— 

Ci 

>;< 

^^ 

U.' 

_J 

Q 

< 

1—1 

in 

Z 

1— 

^- 

2: 

or 

s: 

u 

X 

Q^ 

LU 

21  f-i 

q: 

LU 

_J 

LU 

X 

X 

U-; 

2: 

-J  II 

_l 

II 

U- 

>;' 

II 

2 

_l 

0 

:l 

h- 

< 

1—1 

z 

z 

X   Q 

m 

5. 

Lu 

H- 

0  no 

2: 

S    II 

< 

Q 

_l 

z 

(-  Ci 

CD 

^ 

Qi 

<  f\j 

< 

r<^ 

+ 

in 

<}- 

X 

< 

2 

CD 

< 

X 

tr 

0 

0 

0  Z 

X  0 

5^ 

UlI 

Z   X 

1—1 

0  0 

II 

0 

< 

0  u,  z 

-) 

•— 1 

0 

u  < 

u 

< 

1— 1 

2: 

fM 

< 

+ 

1— 1 

U 

< 

0 

X 

Q. 

CL 

u 

u 

U.   LU 

CO 

u 

X 

X 

LU  CO 

0 

u  z 

X 

^ 

u 

X 

tt:  UJ 

in 

0 

U- 

r<^ 

in 

o-  O 

in 

vO 

0 

r- 

O    fVJ 

0 

0 

1—1 

0 

(\J 

i-i 

68 


ooooooooooco 

•— I  r-4  I— I  I— 4  1— I 

c       o  o  o 

o  o      o  o  o 

cocooooooo 


c 

o  o 
o  o 


ococ^oocoooocococcc 
invor^  <X)C^o•—^f^i^o<^ln^o^~coc^o■— i(Nj 
,-Hi— (I— ii-Hi-HfNjrvjrMCNjfvjfMCMfNjfMrvjc^irorf^. 
O  C  O  C'  o  c  o  o  o  o  o  c:  C.  O  c.  o  c 
ocoooooooooooooooo 
ooccooooooococoooc 


coo 
c^  <f  in 


o  o  o 

vO   1^    00 


r<^  CO  m  ro  CO  CO 
c  c  o  o  o  o 


OOOOOOOOOOOOOOOC'OOOOOOOOOOOOOC 

ocooocoocoooooocoooooooocooooo 


o  o  o 

o  o  o 

o  o  o 

o  o  o 


o  o  o 
o  o  o 
o  o  o 
coo 


+ 


c 

c 

CM 

UJ 

O 

CM 

O 

i-H 

a> 

•^ 

0- 

CNJ 

CT- 

oc 

r-< 

CO 

0^ 

•• 

^-» 

^ 

C<^i 

«v 

C> 

r- 

c> 

X 

t— I 

vC 

^ 

o 

O 

•t 

» 

r-H 

' 

1— 1 

» 

CM 

O 

1—1 

O 

r~ 

r-~ 

oc 

+ 

Ll. 

1—1 

» 

c 

• 

^ 

• 

o 

•« 

:e 

X 

^~ 

• 

<r 

• 

r-l 

in 

o 

c> 

r— t 

m 

^- 

< 

>— > 

o 

l-H 

vD 

<— 1 

II 

II 

II 

Uj 

_j 

Ll 

-> 

+ 

. — 

II 

H- 

z 

•-~ 

Y— 

ii. 

l~ 

z 

1— 

. — 

o 

s/ 

X 

1 

o 

-~ 

o 

»~ 

_l 

o: 

O 

_J 

q: 

_J 

Drr 

z 

c— I 

O 

o 

II 

^ 

o 

o 

2 

X 

z 

o 

Z) 

3 

^ 

3 

3 

Z) 

3 

t— 1 

CL 

Z 

v: 

s 

Osl 

z 

s: 

II 

— ' 

— ' 

v: 

CO 

1- 

^^ 

(/) 

1— 

1/5 

(— 

or. 

o 

•_ 

^> 

< 

II 

II 

•^ 

o 

Ll 

u. 

•w 

Ijl; 

LU 

a. 

UJ 

LU 

Ll' 

Lu 

a 

h- 

li. 

LL 

-J  O 

o 

Lu 

V 

•— < 

►- 

H- 

ct: 

cr 

•— 1 

or 

q: 

a: 

(X 

tO 

•-' 

t— 1 

v: 

-) 

5: 

»— • 

II   o  — 


<  II  — 


i<i  V  H-  ^- 


<  + 

_i  (\j 

c  ^  •— 

o    •  —  ir\ 

CO  —  h-  c\j 

UJ   iTi  X   vO 

C     •  V  CSJ 

•    CO  ll.      • 

■— l»r-'i— (f\J  II      vO  <J- 

'-•0(         II—    CCCO  ^c\li-H(Mr-l 
+       IIO—             Z>l                  •r-<—      I  ~- 

OO—  5^CDO_lOOcv)  +  (\i  (\j  O  h- 

->5:oiiz>i-*5:5:  i  c\i^«i-ii 

II    II  ?:  CD  _i      CM  II   11  Ll  H-.  «-  II       5: 

00>-D  —  C    II    0<NJII  '-LlcnjOD 
2:2:1—  —Ik-CJli-Si—U-l—  •-'•—  OtO 


o 


r-H      II 


CNJ 


•J-  CO 


C\J 


o  r-  00  o 


fO 
CM 


iTi 
fVJ 


f\l 


69 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  c 

o 

c 

c 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

1— 1 

(M 

ro 

<J- 

LTl 

vD 

r- 

CO 

c^  c 

t— 1 

(NJ 

CO 

■d- 

IS\ 

vO 

r-- 

00 

Ch 

c 

i-H 

c<^ 

<f 

•4- 

<t 

<^ 

<f 

o- 

<f 

•d- 

<f 

<t-  lH 

LTi 

Ln 

un 

in 

in 

lA 

iTi 

lTi 

in 

vO 

vO 

o 

o 

o 

o 

o 

c 

c 

o 

c 

o 

o  c 

o 

o 

o 

c 

o 

o 

o 

c 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

c  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

X 

u 

UJ 

• 

jr 

LTl 

X 

r- 

•« 

un 

< 

1—1 

o 

\ 

ixl 

^~ 

s 

in 

o 

>:< 

•^ 

>:< 

2: 

C! 

U- 

K 

1—1 

< 

(/) 


CO 

+ 


<M 

,f^ 

+ 

«>« 

<NJ 

X 

—^ 

I— < 

.—. 

•_« 

-) 

~ 

CN^ 

-> 

u. 

— 

o 

1- 

IT 

^ 

Q. 

1- 

^ 

■— 

>'f 

•• 

O 

1- 

X 

o 

— 

* 

» 

u. 

o 

X 

Of" 

5: 

* 

UJ 

>1^ 

U- 

o 

• 

I-H 

* 

^ 

\ 

ir\ 

» 

• 

* 

» 

* 

v: 

CM 

^~ 

-^ 

(Nj 

Ll_ 

•> 

1— i 

CNJ 

r\j 

5: 

(—1 

— 

^^ 

+  5" 

II 

-) 

1— 

1 

II 

r<^ 

1— < 

— 

II 

+ 

3 

II 

-> 

H- 

5^  r) 

-> 

»^ 

II 

CD 

fi 

«— 

iT. 

1—1 

LH 

f— 1 

-) 

>: 

to 

-) 

— 

II 

3  to 

H- 

1— 

z 

=) 

I 

t— 1 

^ 

1 

• 

— ' 

-^j 

•^ 

t- 

1— 

<c 

«/)    V. 

o 

II 

_j 

or 

_l 

o  o 

+ 

nj 

(NJ 

fM 

O 

f- 

o 

to 

V 

o 

II 

_J 

(V 

It      • 

ir» 

«-» 

3 

3 

* 

5: 

5. 

f\j 

I— • 

►—1 

1 

h- 

II 

r- 

II 

• 

00 

.^ 

D 

^' 

T  .-H 

-) 

i/> 

1— 

CNJ 

II 

II 

1— c 

— 

II 

1J_ 

5: 

5^ 

1— ( 

-) 

ir, 

1- 

D    11 

O 

<— 

UJ 

Lu 

II 

c 

t\j 

•«— 

Ll 

(Nj 

II 

o 

Z) 

o 

Z) 

II 

o 

._> 

Ul 

U 

to  Li- 

O 

1- 

q: 

a: 

LL 

5; 

►— < 

1— 

r-l 

Ll 

o 

to 

Q 

O) 

U- 

Q 

t— 

q: 

CL 

O 

o 

r-t 

f— 1 

CsJ 

CO 

o 

o 

■* 

in 

IT 

in 

ir^ 

in 

r- 

00 

< 


Lil 

o 


in 


a: 
< 


in 


r~i    Ij)  •> 

UJ  —  to  m    I  in 

z  5:  <:   •>  —  ■-< 

o  a:  >:  in    •  »•       i—  -~ 

XU.   <»-ro  vO»i/)i-i 

I—    •><r\  —  mO::  — 

LU        O  —  O  .^^s 

•-"  O  <  --•  <        in  or:    II   u  J 

h-   —  I     —  I     <    —   I- 

D    to    Z"    O      II      Z    eP      II      rH     II 

ozOQitoivQri—  —  to 
(iruj5;<i/)Z)<to2:i/)       z 
ocns::^— <i crQ:<(Nj  n  2: 

Z   D  •-<  O   U.  5:   Ui  U-   —  UJ  5:     II    •-    II 
UJtOQU»-i<Q:>-.U_h-<,    Z'<»-< 


IfA     vO 


o 
c 


70 


o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

c 

o 

o 

o 

c 

o 

e 

o 

o 

o 

o 

1— 1 

«M 

0^ 

<!• 

in 

vO 

1^ 

CO 

o> 

C   r-i 

r\j 

CO 

vf 

in 

vO 

r^ 

CO 

o 

c 

1—1 

CM 

m 

<1- 

o 

c 

o 

o 

c 

C- 

c 

o 

c 

t— 1  .-1 

r— 1 

1—1 

1—1 

•— 1 

i-H 

<-H 

t— 1 

I— 1 

«N 

«NJ 

t\i 

CM 

<N 

o 

c 

o 

o 

c 

c 

c 

e 

o 

c  o 

o 

o 

o 

o 

c 

o 

c 

c 

c 

o 

o 

o 

o 

o 

o 

c 

c 

c 

c 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

c 

o 

o 

o 

o 

c  o 

o 

o 

o 

c 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

* 
rg 

* 

* 


(X.  — 

NJ  <— 

<  — 

^-  < 

lO  I— 


< 
* 

(NJ 


CO    f\l    fNi 

<  ->  -> 

1-  _l  _l 

i/^  </";  I/) 

CD  CD 

r— (    c—l 


<-t  oc  <-> 

CO    M  rvj 

-~ 

*.-^       -m^      ^.^ 

*— 1 

<   <   < 

Q 

K-    K-    ►— 

•« 

CO   lO  LO 

(T 

a 

* 

CV- 

O 

— 

^- 

1— 1 

( — i 

cx 

CNJ 

^~ 

^- 

— 

•« 

UJ 

•X 

ro 

f\) 

>_ 

«^ 

U- 

Q 

■— 1 

I— 1 

t— 1 

q: 

1— I 

V 

cc 

^ 

^^ 

r- 

r- 

v: 

«v 

— ' 

— 

— 

Q. 

< 

•• 

o 

-> 

-) 

U- 

Ll. 

»> 

1—1 

-) 

-) 

-) 

#> 

* 

1— 1 

^ 

_J 

_J 

X 

X 

►— 1 

O 

_J 

_J 

_1 

fvj 

• 

M 

1— 1 

CO 

CO 

LU 

UJ 

rvi 

» 

UO 

to 

CO 

CD 

CM 

#> 

a 

— . 

+ 

+ 

0^ 

►—1 

^. 

— . 

#» 

— » 

+ 

q: 

«^ 

a: 

X 

Q. 

CO 

CD 

CO. 

r— 1 

(Vi 

• 

c 

M 

cr 

1— < 

IV 

** 

r-1 

1—1 

1—1 

—~ 

J  J 

U) 

f— 1 

,— > 

» 

Q. 

<J- 

— 

.~ 

#» 

(X 

<r 

<J- 

<}- 

(V 

•> 

» 

^< 

» 

•—4 

#> 

»-~ 

e— • 

r—" 

1—1 

►— 

Q. 

1—1 

1—1 

r-l 

+ 

1— 1 

l-l 

w 

o 

>- 

CNJ 

c*^ 

~- 

CD 

en 

>- 

«« 

— 

— 

~- 

_J 

>- 

I/) 

\ 

«—) 

#> 

CO 

— 

1^ 

— 

^^ 

•» 

CM 

r- 

r^ 

r- 

•— 

* 

» 

»~ 

^ 

D:: 

•* 

< 

Ll 

Z> 

3 

ct 

CD 

U_ 

Ll. 

u. 

-) 

ck: 

f-i 

CNJ 

f\J 

> 

1— ( 

z: 

X 

:e 

s: 

>- 

«N 

X 

X 

X 

_J 

>- 

^~ 

—. 

CQ 

'■i^ 

I— i 

•^ 

CD 

UJ 

U.I 

U- 

U- 

•^ 

1— t 

UJ 

LU 

UJ 

CO 

^ 

*— 1 

K- 1 

» 

>!< 

. — 

•—1 

*» 

+ 

1 

1 

>— 1 

CD 

+ 

+ 

+ 

1— • 

< 

o 

(M 

O 

r-i 

X 

►— . 

X 

•s 

X 

•^ 

» 

< 

(V 

O 

•^ 

>- 

•^ 

•— • 

— 

— 

«> 

or 

ct 

» 

< 

O 

Qi 

1 

^ 

^- 

d: 

> 

^-~ 

. — 

-~ 

£>: 

Q:- 

o:: 

< 

c 

rH 

w> 

o 

X 

0^ 

1—1 

-- 

CvJ 

— 

»~ 

X 

•V 

1— 1 

1— t 

1—1 

Ul 

UJ 

X 

•« 

0K 

< 

^^ 

o 

--» 

— 

DH 

«— 

c^ 

cr 

I— 

1— 

• — ■ 

cv: 

CO 

CD 

CD 

V 

v: 

-— 

.— 1 

C\i 

•— 

* 

• 

(M 

o 

>■ 

1— H 

.^ 

^ 

»^ 

• — 

1— 

> 

^- 

^- 

— 

»^ 

»— 

o 

CD 

CD 

5: 

—> 

1 

^. 

> 

•> 

a 

-) 

> 

> 

> 

_i 

^ 

3 

3 

3 

< 

<r 

o 

•* 

«i 

ct: 

^- 

.-~ 

5" 

1— • 

I— < 

-> 

_J 

e 

o 

o 

35 

1—1 

!SI 

5. 

5: 

1- 

(— 

X 

^—4 

t— . 

o 

t— 1 

.^ 

c>r 

«-^ 

o 

X 

< 

CO 

u. 

u. 

a. 

51 

X 

U_ 

u. 

Li_ 

CO 

CO 

CL 

X 

>- 

i—i 

•— • 

z: 

«— 

r\j 

LU 

{\.i 

•k 

•— 4 

1 

•V 

1 

1 

1 

#> 

9' 

Q 

o 

5^ 

>— 

1— 

— 

ct 

Q 

cc 

or 

X 

X: 

* 

ct: 

51 

+ 

?■ 

o 

X 

5l< 

— 

X 

X 

> 

1—1 

X 

LU 

q: 

CO 

q: 

Q^ 

UJ 

— 

— 

»— » 

-^ 

^ 

— 

q: 

U- 

^~ 

—. 

^- 

U.' 

•^ 

— 

< 

< 

UJ 

1— 

LU 

CO 

Uj 

< 

z 

o 

rvj 

— . 

O 

1—1 

cyr 

1 — . 

LU 

2 

Q 

(N 

Cr: 

>— 1 

■— 

--~ 

z 

5 

ST 

1 

+ 

z 

—- 

I— 

<r 

1— 

o 

\ 

>— 1 

o 

CD 

(M 

+ 

CO 

CL 

a. 

:^ 

1—1 

O  CD 

Q. 

Q. 

I— 1 

rsj 

<— 

Ct 

ct 

Ct 

ct 

H-« 

II 

•~~ 

5 

II 

o 

• 

1— 

(X 

«— 

■ — 

cx 

<— 

•~' 

— 

'-' 

^- 

X 

— ■ 

<— 

— 

^ 

— 

h- 

o 

o 

o 

o 

t— 

—^ 

li- 

< 

— . 

1—1 

1—1 

=) 

Q. 

< 

< 

o 

< 

< 

< 

< 

D 

Cl 

< 

< 

< 

<r 

< 

3 

z 

2 

* 

* 

3 

(\J 

cO 

II 

1—1 

2- 

II 

z 

o 

Q 

Z 

>:< 

c 

o 

o 

1— 

O 

Q 

Q 

O 

2 

2- 

O 

ct 

*— » 

O 

«— 

CD 

r— ( 

CO 

— - 

O  (T 

CO 

ctr 

(X 

-J 

_l 

LU 

Q: 

_l 

_l 

_j 

CO 

(T 

_J 

_J 

_l 

_J 

LU 

UJ 

cr 

_l 

_J 

< 

< 

Q^ 

S 

< 

+ 

CO 

5: 

K- 

-J 

CO 

Z) 

CD 

_l 

o 

O    CO 

_J 

C    00 

_J 

_J 

II 

II 

o 

CD 

q: 

•~ 

z 

< 

(X 

1- 

< 

1— 

Q  3 

< 

II 

z-  =) 

< 

Z  3 

< 

< 

X 

•— » 

z 

3 

UJ 

U- 

II 

5; 

Ll,' 

o 

U.  51 

U-l 

2:  i/^ 

t^J 

h- 

Uj   «// 

u 

Ll  cO 

u 

U 

a 

a 

UJ 

CO 

1- 

^  ►— 

2 

< 

1— 

o 

a:: 

< 

Ct 

Lu 

O  .-1 


(\i  m 


(\i 


C<1 


71 


c 

o 

o 

o 

o 

o 

iTi 

vO 

r- 

00 

o 

o 

(M 

CM 

(NJ 

(M 

CM 

ro 

O 

o 

o 

c 

o 

o 

o 

o 

o 

o 

■if- 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

^    (NJ     —  t-H  f\J 

O  <   UJ  OD  to 

O  O  <  <  < 

CX  Q  O  (—  H- 

rsj  _l  _J  to  to 

-~  + 

CO  ^ 

O            '^  (NJ 

O              (NJ  +  — 

C   —    +  <  ■-I 

<r  uj  _j  .-t  no 

O  -J  ->  Q  > 

ct:  >-  _i  o  Q 

NJ  to  to  <  u_ 

+  + 


—  in  — • 

—    ,-H  —  +  (NJ 

o  <  LU  _i  < 

o  u  to  n  < 

or  o  I  -J  o 

M  —I  ^-  to  —I 

+ 


+  +  —  — 

_J    <     r-l    rH 

—  1-1  m  t/) 
f\j  —  ^  >- 

D I  <  < 

—  -)  O  1—  h- 

CD  O   — I   </)  ^/) 

O 

O 

O 

^-    rH    (M    .— (    rH 
^   <    <    to   CD 

>    O    U    <    > 

UJ  O  O  I—  o 
to  _1  _j  to  u. 

+ 


^ 


fH  I— (    CM 

+  +  +  ^ 

^  <  _J  _J  >-H 
fH  <— I  —  »--<'. 
.—   — '   (\J    i-H  ~^ 

-)  <  CL    CL  < 

_J  O   ->    -)  Q 

to  -J  O   <  -J 

+         O 

■z 

LU 


<  •-< 


72 


>- 

< 

LU 

^ 

Q 

_J 

1- 

1— 

• 

H- 

5; 

1— 

IJJ 

to 

LU 

z 

1— • 

to 

rsi 

—» 

X 

Z 

r) 

0 

Q 

Z 

— 

UJ 

>  < 

o 

to 

t— 

1—4 

5: 

z 

3 

< 

LU 

_J 

►— • 

< 

1— 

•— < 

>—< 

z 

f— 

q: 

0 

< 

1— 

< 

LU 

X 

►— 1 

z 

3 

Ll_ 

o 

< 

< 

Z 

1— 

Z 
< 

> 

1— 1 

U^  (t) 

_I 

a 

=) 

1— 

X 

0 

LU 

1— 

D 

z 

o 

CO 

< 

Z 

>- 

•^ 

0 

< 

X 

to 

0 

UJ 

q: 

< 

1— t 

LU 

Ll) 

u 

z 

LU 

:?r 

1— 

1—1 

UJ 

1/5 

1— 1 

t— 1 

Q 

to 

2: 

lU 

z 

UJ 

LU 

1— 

or 

Li_ 

Ll 

u_ 

vO 
LU 

^ 

ct 

LU 

:s 

_l 

LU 

s: 

u 

3 

0 

0 

0^ 

b 

LU 

Z 

CL 

X 

<r 

o 

Ll 

X 

1—1 

u 

o  tr 

Q. 

t— 

z 

_i 

UJ 

0 

< 

to 

Ul 

1— 

0 

3 

X 

LU 

< 

1— 1 

CL 

ck: 

^ 

ct 

^ 

0 

LU 

• 

0 

a 

a 

u_ 

to 

Ll. 

to 

— 

LU 

z 

a 

;>_ 

I/) 

o 

U~i 

o 

< 

t— 1 

UJ 

0 

< 

;^ 

Z 

(V 

1— 

1— 1 

1— 

Q 

2 

_J 

z 

CC 

H- 

t — ( 

LU 

< 

U 

-I 
o 

s: 

< 

•> 
LU 

3 
^ 

Cl 

LU 

1— 

0 

cO 

a: 

X 

X 

s: 

> 

< 

0^ 

I— 

LU 

_j 

z 

Z 

y- 

LL 

(M 
I— ( 

to 

LU 

LU 

u 

z 

u 

ixJ 

LU 

_ 

V. 

LU 

lU 

o 

^ 

_j 

< 

>— < 

— ) 

0 

a: 

3 

1—1 

.-i. 

0 

X 

^-. 

V. 

•O.V 

X 

z 

o 

< 

< 

1— 

2 

S 

Z 

Q 

X 

X 

h- 

\ 

\ 

•> 

^-  O 

ck: 

t — 1 

— 

>— 1 

» 

to 

< 

_i 

Q 

c:) 

•> 

ct: 

^ 

«. 

-^ 

<}■ 

a 

Q 

u 

t/i 

_J 

1- 

X 

< 

Z 

_?' 

< 

»■ 

LU 

^ 

<f 

"^ 

• 

X 

o 

to 

< 

D 

< 

>— 1 

t— 

u 

< 

-~) 

1-9 

X 

^n 

■;^ 

• 

\ 

0 

f— 

I— 

(v: 

LU 

s 

a 

1— 1 

or 

z 

1— 1 

ct 

0 

LU 

< 

1 — 1 

• 

0 

•^ 

1—1 

»— 1 

< 

X 

o 

< 

O 

0 

Z) 

LU 

z 

1— 

to 

s: 

2 

a: 

0 

1—1 

<}- 

*—. 

LU 

S  UJ 

_i 

t— 

_J 

w 

<r 

LU 

ck: 

< 

0 

lL 

u 

.—4 

UJ 

• 

\ 

a 

> 

3 

_1 

ci: 

1— 

_J 

0 

s 

X 

LU 

LL 

#^ 

•« 

in 

LU 

a 

0 

V, 

1— ( 

cc 

«— ' 

U 

z 

o 

Q 

z 

<; 

^ 

3 

u 

X 

0 

z 

z 

LU 

— 

a 

f—i 

t— < 

•v 

LU 

K- 

»— * 

< 

Ll 

LjlI 

z 

I— < 

d: 

•—1 

LU 

t— 

Ll 

>— ( 

Q 

\ 

. — 

r-l 

UJ 

<J- 

II 

to 

< 

V- 

X 

i/ 

o 

0 

> 

Q 

5: 

> 

»— « 

■5- 

\ 

\ 

II 

a 

• 

LU 

Z) 

_J 

(V 

1- 

to 

u 

H- 

z 

U.' 

CO 

Uj 

•* 

LL 

H- 

^- 

u. 

1— 

\ 

\ 

II 

1— 

t— < 

C 

U 

LlI 

< 

o 

o 

<J~. 

.— . 

(— 

5; 

_J 

0 

1 — t 

tO 

•^ 

< 

\ 

^ 

LU 

z 

1— < 

z 

LU 

o: 

a 

(V 

(V 

-J 

>— 1 

z 

0 

>— 

U 

Ll 

to 

X 

«» 

0 

U 

LU 

II 

LU 

< 

X 

LU 

< 

CO 

Q 

0 

>— 1 

LU 

LU  0 

to 

0 

9« 

25 

_J 

\— 

. — 

• 

z 

5: 

in 

CL 

H- 

H- 

CO 

to 

o 

u 

•• 

•> 

LU 

cr 

X 

Ll 

t/) 

_J 

I/) 

»— 1 

LU 

< 

<J- 

< 

UJ 

3 

1— ( 

to 

Q 

1—1 

Qi 

LU 

to 

I/) 

z 

Ll 

t— 

IXJ 

LU 

(/) 

Q 

> 

to 

Ul 

Ll 

h- 

u 

1—1 

UJ 

X 

< 

<r 

z 

O 

< 

to 

«-l 

LU 

Z 

> 

< 

< 

•^ 

Dr: 

V 

— < 

< 

0 

II 

in 

Q 

z 

1— 

_l 

1— 

o 

< 

1—1 

LU 

z 

Ll 

X 

Ll 

» 

2; 

(y: 

Z 

lU 

^ 

II 

1^ 

_J 

< 

or 

LU 

»— * 

t— • 

< 

«— < 

h- 

cc 

or 

>- 

1— < 

0 

h- 

Ll 

'— 

Ll 

9. 

Ll 

(— 

iU 

< 

CL 

(V 

< 

or 

> 

• 

to 

Q 

1— 

_J 

CL 

u 

^ 

1— 1 

—1 

•> 

_i 

1—1 

LU 

to 

0 

CL 

to 

_j 

o 

(V 

> 

>— • 

a 

o 

Q 

X 

z 

>- 

LL 

H- 

< 

LU 

Q. 

_J 

I— 

5: 

h- 

< 

< 

D' 

> 

_j 

OL 

LU 

u 

Lu 

>—* 

> 

LLl 

LU 

LU 

0 

(— 

0 

to 

U 

Z 

to 

a 

to 

< 

1 — 1 

1— 

U 

Q 

Ul 

51 

< 

Cl 

U 

z 

X 

O 

csr 

1—1 

D  UJ 

1— ) 

» 

»— « 

0 

1— I 

-^ 

to 

Ll 

q: 

z 

_) 

u 

u 

D 

LU 

1— 

u 

t/) 

_J 

1— 

0  LU 

I/) 

^ 

Qi 

Q:: 

or 

0 

<^ 

1— < 

» 

< 

3 

0 

0 

_J 

3 

Ll 

1—1 

_J 

Q 

D 

15 

Ll' 

to 

< 

Cl 

to 

LU 

u 

Z 

to 

LU 

I— 

•V 

» 

• 

Q 

I/) 

cl 

> 

LU 

< 

0 

0 

z 

_J 

to 

O 

Z 

U 

LU 

>— < 

a 

LU 

cv: 

X 

UJ 

< 

U 

«^ 

tn 

< 

0 

\ 

Ll 

_l 

vr 

to 

in 

< 

1— 1 

Z 

LU 

LU 

z 

Q 

CO 

< 

(X 

Li. 

LU 

Q 

:>: 

ID 

ILI 

to 

Q. 

.-< 

< 

cr 

LU 

_i 

in 

W 

1— 

3 

z 

in 

in 

X 

S 

< 

a: 

_J 

LU 

< 

< 

UJ 

CL 

u. 

-^ 

X 

< 

< 

0 

-J 

1—1 

»— « 

< 

in 

to 

u 

Ql 

u_ 

LU 

15 

<}- 

^ 

U 

vO 

< 

•> 

<t 

1— 

^^ 

in 

>— I 

< 

_J 

CL 

z 

0 

0:: 

< 

< 

tO 

LU 

s: 

H- 

> 

O 

• 

< 

•> 

•> 

u 

to 

• 

t— < 

< 

QQ 

a 

CD 

to 

•—1 

< 

1— 

^ 

5: 

LU 

S 

< 

Ll_ 

< 

LU 

o 

•» 

t/5 

0 

* 

(/) 

0 

X 

LU 

t— t 

< 

>— 1 

cr: 

Ll 

or 

a: 

(V 

o 

s 

to 

t— 1 

0 

< 

• 

in 

< 

1—1 

fO 

q: 

CO 

X 

u 

X 

Ci 

X 

t; 

X 

Ll 

X 

o 

< 

1 

UJ 

Qi 

•— 1 

ro 

< 

^ 

Lli 

00 

< 

•k 

•4- 

^ 

t— 1 

» 

(NJ 

» 

c^ 

•k 

iTi 

» 

CO 

O 

_J 

Z 

LU 

1 

H- 

vO 

<t 

< 

CO 

Ll 

1 — ( 

Ll 

■^j" 

h- 

1—1 

1— 1 

rf^ 

Osl 

m 

rg 

r- 

1—1 

1—1 

1—1 

CO 

(M 

cv: 

>- 

o 

X 

1 

< 

» 

• 

•k 

o-. 

CD 

•^ 

.^ 

00  '~- 

1— 

CO 

>— 

r<^ 

^^ 

m 

. . 

CO 

»^ 

<!- 

1.^ 

<t 

«^ 

Q. 

^ 

1— t 

1— 

to 

21 

o 

0 

z 

OJ 

1- 

II 

tn 

1— 

1— 

1— 1 

1— 

1— 

h- 

I— 

H- 

1— 

^- 

H- 

a: 

• 

1— 1 

0 

< 

to 

< 

1-  < 

3 

h- 

< 

1— 

< 

1— 

< 

1— 

< 

t— 

< 

1— 

< 

to 

< 

u 

z 

D 

o 

CO 

LU 

5: 

0 

5: 

z 

0 

5: 

Z  5. 

u 

z 

5: 

Z 

5: 

z 

2; 

z 

5: 

Z 

51 

z  5: 

•— < 

z 

LU 

CL 

Ll. 

Ll_ 

in 

^ 

< 

Ct 

ct 

<■ 

tx 

►-H  q: 

Di 

1— 1 

ct: 

t— 1 

Oi 

>— < 

or 

►— * 

Di 

1— I 

or 

•-M 

Qi 

X 

U- 

3 

X 

Z 

0 

LU 

0 

3 

LU 

0 

CL   0 

1— 1 

Ci: 

0 

cc 

0 

Di  0 

(X 

0 

a 

0 

or 

0 

1-  o 

u. 

s 

•— < 

u 

ct 

Ll 

1— 

cr: 

Ll 

a  LL 

1— ( 

CL 

Ll 

a 

Ll 

a 

Ll 

Cl 

Ll 

a 

Ll 

a 

Ll. 

PJ 

r~ 

rH 

CO 

ir\ 

r- 

1—1 

CO 

in 

fV 

CO 

m 

m 

CO 

<f 

<^ 

VJUUUUUUUUU' 


u  u  u 


73 


(NJ 


CO 


-z.  < 

Li_  X 

— •  U 

I-  LiJ 

to  s: 

X 

••  t\J 

in  c\j 

<!-  — 

I— 

h-  < 

Z  51 

—.  (V 

d:  o 


o 

UJ 

to 

< 

X 


o 


•X 

•^ 

o 

— 

.-H 

o 

» 

■— 1 

— . 

CO 

•s 

\ 

o 

C\J 

\ 

t— ( 

•* 

Lli 

>^ 

<J- 

o 

UJ 

• 

D 

00 

o 

t— 

< 

i-H 

■— • 

X 

UJ 

2- 

Q. 

Cl 

o 

-~ 

•« 

1— 1 

< 

'^ 

^- 

5:^ 

1— 

o 

II 

_J 

r- ( 

to 

I 

O 

•> 

to 

r<^ 

> 

C\J 

LU 

»— 1 

\ 

>— 1 

UJ 

> 


<  vO   — ' 


>1< 


X       <:  o 

o       en  < 
.-I      o  s: 

•■       ce:  CD                                                      '  — 

>-           KJ   d  — 

<^          •—     •>  2   (M 

Z'         ^  --  —  ro 

UJ                  O  U   00 

o            •>                                          z:       z  >-<    • 

U-  UJ   (NJ  ►_   — .  LU 

d:       cc  r-H  2  X  v: 

U.              -^        vDiTir- i<j-              ro^u-<*  =J:    — 

XO        0>LncrOLO<)-ajo—  ^1—  ^Z 

X       ouj      a^ovic>o<Moatr\u_u_Q::  ••> 

O         (NJ  or        Cr   .-<  O  O  .-H  CO  C^  (NJ  o  ^  <  o  '— 

.-H         ^U-       (Nj(N)Lni^ur\0(X)<j-i— tU-f—  o.— (~- 

•       X           o.-<oo>^cc(Njooto  ••no 

OX<— (ir\z        .— ir-(N)coa3inr<^,  -+0'-<V  i— i--uj 

OmO(NJOOO^-0  0^(^<t-OU-^_JC»ll  IIZCKO 

t-l^rHw-^      •<r^<J■^£»^D^-C0(7■•C^llO•-'  Z      ••u.* 

\-         t—  lOC»»»»»«»«(—  _J  H-.II* 

(—  <  I—  <  Z  II   II   II   II   II   II   II   II   II  (V  II  vO  lH  --  <  (NJ 

z^Lz^uj- —  — —  <oc^•-<c^oo  II 

'-^Qi'-'CirSf-iCNjcOvfinvDr-ccoi— z  ii  ujujo 
QiOQ::O'-''-^*-»-~-"-'<-~---t0U-.'O'-'ODi:5:cc: 
CLU-Q.LL.OUUUUUUUUUv:>wiQ<QU_0< 


-^ 

>:-- 

^~ 

lO 

■~ 

3 

- — 

1 — 1 

(NJ 

Q 

■^ 

< 

^ 

ck: 

--^ 

-.^ 

-J 

* 

llJ 

-~ 

> 

(NJ 

\ 

>:< 

CO 

5|<: 

Z) 

< 

>_ 

e: 

o 

UJ 

< 

V 

Dr" 

O 

>;< 

— 

<: 

+ 

o 

'- 

UJ 

5: 

CNI 

o 

>:< 

— 

« 

— 

_j 

+ 

Uj 

• 

> 

-t       — 


<)- 


< 

i< 
<r 

o 

UJ 
5^    UlJ 


_J  CO 

UJ  z 

>  Q^ 

\  Z) 

oO  I- 

Q  <Ni 

<  * 

<  D 
O  — 
tu  Q 
51  < 

O  a: 

*  — 

•  >!« 

(NJ  vO 


(NJ 

lO 
O 

<: 

D-: 

>i; 

< 

(J 

Ul 


Z    -'    I-H    O 


II  r-\ 

<S)  • 

CO  r<-i 

<  II 
5  --I 

<  < 


< 
CL 
< 

< 
o  z 

UJ  O 

5:  a; 


UJ 


o 
* 


* 


^  (NJ 
^  * 
CO  >!<: 
CO  CO 

<  3 
^   ►-« 

<  Q 

*  < 
—  VC 
(\J  ^ 

*  * 

CO  >— ' 

•— I  I— I 
o    •  — 

<  (*^  l-t 


UJ  vO 

>  < 

■if.  " 

O  lH 

X  < 


•  ct: 


_l 

Ul 

> 

O 

X 

+ 

f-  X 


—  o 
II  •  • 
Ul  <t  o 


< 

UJ 


o  — 
or  — 


+  < 

cO  •" 

UJ  m 

CV  < 

U-  •> 

~  (NJ 

■¥  < 

<  • 

< 

u 

< 

o 

Ul  Q 


I 

—  (D 

-  o 

<  < 

*  — 

vO  U- 

<  o 

+  o 

-  o 

in  _J 

<  — 

in  • 

<  o 


<  ^ 


^  u_  ^ 

Q 

> 


O  -I 

II  _J 

-^  < 

<  u 


< 

CO 


in 


o 
o 


o 
o 

(NJ 


CO 
O 
C\J 


74 


e 
o 
o 
c 
o 
c 
c 
o 


oooccoooooooc 
c\jf<^>^ir>vor-ooo^o»-"fNiro<t 


o 
o 
o 
c  o 


C         O  C  C  O  I 

oo   o   ooooc 

cooooooooco 

ooooooooooooo 
ooooooooooooo 


3 

o 
a: 

o 


u 


LU 


X 

X 

t/) 

1^ 

C' 

in 

LU 

lU 

LU 

s: 

■^ 

CQ 

<-« 

X 

X 

z 

» 

•> 

z 

» 

< 

<r 

1— 1 

•-< 

o 

e) 

.^ 

UJ 

LU 

Q 

LU 

s 

s: 

LU 

I/) 

— > 

o 

o 

1— 

< 

\ 

»■ 

«« 

Q. 

X 

» 

z 

— - 

z 

— 

LU 

a 

c 

Ll 

<r 

Ll_ 

(— 

U 

» 

• 

>— • 

c 

1— < 

•■ 

^ 

,-. 

<t 

1— 

u 

1— 

1- 

< 

cn 

z 

u. 

LO 

^ 

00 

_l 

• 

» 

•^ 

U- 

o 

Lu 

3 

1— 

h- 

►— * 

X 

» 

\ 

» 

--» 

or 

o 

iTl 

>_ 

in 

00 

z 

I/) 

f- 

Ll' 

z 

* 

o 

t—) 

lO 

u. 

on 

•^ 

CY. 

. — 

< 

•> 

< 

►— * 

< 

1- 

» 

cyr 

..-. 

5: 

.-H 

51 

l- 

5" 

-J 

u; 

UJ 

o 

CD 

• 

U. 

00 

Lu 

3 

c 

o 

>— I 

C) 

vO 

» 

Ll 

•^ 

oo 

o 

(X 

c 

h- 

•^ 

u_ 

UJ 

•^ 

LU 

LU 

O 

\C 

o 

o 

< 

— 

» 

z 

1 

Z 

K 

cvr 

» 

CM 

cc 

Z 

X 

o 

— 

o 

•> 

< 

X 

LU 

tu 

» 

in 

tv 

lO 

(X 

LU 

\ 

•■ 

> 

c^ 

Li_ 

t— • 

r-l 

«« 

</■. 

or. 

. — 

0^ 

Q 

1— 

o 

— 

1— < 

c> 

Z. 

^ 

m 

h- 

I/) 

< 

u 

c 

I/) 

O 

_i 

z 

c 

1- 

o^ 

< 

a 

o 

u 

CO 

5: 

•-. 

c 

lO 

5^ 

D 

"-^ 

c 

< 

0^ 

h- 

Llj 

• 

< 

< 

Ll 

a: 

in 

< 

» 

00 

00 

in 

o 

<> 

< 

(V 

(Nl 

LlI 

5: 

* 

LU 

(N 

^ 

X 

LU 

LlI 

CO 

Lu 

fO 

<> 

^^ 

U- 

i-< 

Ct 

< 

< 

on 

— 

< 

» 

DC 

CD 

•— 

Z 

CO 

» 

cr 

in   II 

li_ 

#^ 

O 

h- 

» 

o 

* 

1— 

1—1 

o 

•• 

o 

o 

<  — 

» 

» 

ll-i 

o 

LU 

U-i 

o 

z 

• 

Lu' 

X 

» 

CM 

O 

r-l 

cr 

\  z 

in 

X 

Z 

en 

2 

z 

z 

cr 

«— 

r\j 

Z 

Z 

in 

1— 1 

» 

O 

• 

» 

* 

vO     * 

o 

LU 

lu 

in 

1— • 

< 

O 

»— t 

c 

< 

I/) 

1 

>— t 

O 

in 

0' 

<r 

• 

1—1 

in 

C 

cr 

<  »- 

f— 1 

z> 

ID 

w 

1— 

".^ 

1- 

*-^ 

LU 

• 

H- 

►— 1 

•^ 

t— 1 

vO 

,— 1 

II 

II 

II 

II    — 

z 

2 

1— 

D 

z: 

II 

3 

on 

z 

o 

CD 

»— 1 

z 

3 

or, 

H- 

f— 1 

+ 

— . 

II 

t— 

z 

^. 

h- 

Z 

K  Z 

O  UJ 

1- 

1— • 

•—1 

< 

O  O 

X 

O 

z  o 

o 

II 

II 

CK 

O 

z 

< 

II 

o 

^- 

o 

—« 

_l 

cr 

O 

_l 

or 

_i  or 

•—  W) 

z 

1— 

H- 

51 

(V 

s 

u 

ct 

LU 

s: 

.-H 

q: 

LU 

_l 

Ll' 

3 

cr 

U: 

5: 

5^ 

z 

X 

z 

o 

3 

3 

V 

3 

221 

3  3 

h-  < 

•— • 

z 

Z 

Q:: 

Q 

CD 

51 

Lu 

o 

CD 

51 

51 

II 

< 

Q 

_l 

Z 

>- 

O 

00 

S^ 

cr 

< 

II 

«— 

.— 

s-i 

00 

1— 

■^ 

00 

t- 

or.  1- 

<  I 

cr 

o 

o  o 

2 

Z)  o 

S 

z 

D 

1— < 

O 

o 

II 

O 

< 

O  LU 

Z 

3 

t—i 

o 

_j 

c 

Lu 

Ll 

'^' 

LU 

U_ 

Ll 

Ll' 

UJ 

U-  Ll 

OC  Cl 

a 

u 
in 

vO 

c^ 

in 
O 

UJ 

in 

u 

X 

LU 

or; 

O 

<w» 

z 

X 

^ 

U 

q: 

(V 

Ll 

on 

o 

Ll 

o 

■^ 

ix^ 

H- 

cr 

q: 

»— 1 

0^ 

q: 

cr  cr 
o 

f\J 


>d-  Cl 


75 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

c 

o 

o 

o 

o 

o 

o  o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o  o 

o 

lO 

sO 

r- 

CO 

o 

o 

rH 

CNJ 

ro 

<}• 

in 

vO 

r- 

00  c> 

o 

I— < 

CNJ 

rn 

<3- 

lH 

vO 

^-  CO 

o 

O    r-l 

(NJ 

(n 

■4- 

in 

vO 

r^ 

CO  O 

o 

r-* 

r-t 

I— 1 

1— 1 

1— ( 

f\J 

f\J 

<\J 

<M 

Od 

rsj 

(NJ 

(M 

C\J  CM 

ro 

rc\ 

CO 

ro 

ro 

m 

«\ 

CO    CO 

c<\ 

■d-  <r 

<r 

<J- 

-d- 

vl- 

<r 

<t- 

<}■  <1- 

in 

O 

o 

c 

o 

o 

o 

o 

c 

c 

o 

c 

o  o 

o 

c 

o 

c 

o 

o 

o 

o  o 

c 

o  c 

o 

o 

o 

o 

o 

c  o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o  o 

c 

o 

o 

o 

o 

o 

o 

o  o 

o 

o  o 

o 

o 

o 

o 

c 

o 

o  o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

C' 

o 

c 

o 

o 

o 

o  o 

o 

o  o 

o 

o 

o 

o 

c 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o  o 

o 

o 

c 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

c 

o 

o 

o 

o 

o 

o  o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o  o 

o 

CO 

+ 

fM 


+ 

c>g 


<\J 

5: 

cv 

CM 

i-t 

< 

+ 

+ 

» 

_l 

<\J 

t\i 

rg 

0  V 

►—1 

.■i. 

t— 1 

CO 

1— ( 

0   - 

r" 

in 

-) 

>— 

(NJ 

•V 

— 

» 

CO    — 

h- 

fVJ 

CNJ 

w 

0 

h- 

in 

1^ 

o 

X 

1— 1 

1        r-< 

* 

•« 

•v 

1— 

V 

'— 

>!« 

0' 

» 

» 

t— 1 

— . 

r-1 

lli  in 

X 

vD 

0 

-f 

» 

Ll 

0 

X 

CO 

r- 

r- 

00 

+ 

Ll_ 

0    - 

\ 

(\i 

^ 

• 

1— 1 

»l< 

\/ 

\ 

in 

o 

•> 

s: 

X 

—. 

•  en 

U- 

•> 

» 

CM 

^~ 

_' 

CNJ 

Ll 

» 

1— 1 

in 

»— 

< 

t—l 

0 

1— t 

• 

.— 1 

.—1  f\j 

II 

vO 

<J- 

^  CO 

+ 

5: 

II 

-> 

1— 

1 

II 

CO 

LU 

_j 

Ll. 

-) 

1—1 

0 

1 

II  .^ 

CD 

CO 

*-. 

(NJ 

1-H 

CM 

1-t  II 

5: 

Z) 

~) 

<— 

II 

CD 

CO 

-~ 

in  .— 1 

1— 

. — 

Q 

iy^ 

X 

1 

+ 

II 

0 

*— 

D 

1 

• 

1—1 

«-~ 

1 

>-  -> 

15 

CO 

l- 

K 

Z 

3 

1 

.— 1 

■^    1 

z 

t— t 

O 

O 

II 

* 

O 

0    0 

0 

— ~ 

5: 

CO  0 

_J 

0 

C  fM 

+ 

(M 

CM 

0 

1- 

CO 

•V 

0 

II 

_l 

d: 

_J 

0 

0 

+ 

CM  CM 

1— » 

a. 

Z 

i^ 

s: 

Ovj 

2: 

2 

-) 

2 

0 

II 

ID  1- 

* 

2: 

5: 

1 

rsj 

1— < 

1—1 

h- 

II  0 

II 

• 

in 

^- 

3 

3 

* 

5. 

s: 

CNJ 

»— 1   ►— 1 

cr 

o 

^^ 

•^ 

< 

II 

M 

«^ 

II 

II 

5: 

CD 

_J 

Os) 

II 

II 

U. 

»— 1 

o^ 

II 

2  <!• 

X 

1—1 

-) 

CO 

H- 

CNJ 

II 

II 

>— 1 

~    II 

a. 

t- 

u. 

u. 

-J  o 

0 

U. 

0 

0 

«— 

Z) 

—  0 

II 

0 

f\j 

II 

«— 

U_ 

CNJ 

0 

z>  0 

Z) 

II 

0 

•.^ 

Ll 

LL 

II 

0 

CNJ 

^- 

Ll  (M 

i/) 

'""' 

*"^ 

V 

~> 

5: 

•— < 

s 

S 

K- 

_l 

t-  0 

Ll 

2: 

»— ^ 

Ll 

1- 

HH 

1— « 

0 

I/)  0 

CO 

Ix. 

0 

(- 

d: 

ct; 

U- 

s: 

1—4 

(- 

"" 

in 

vO 

r- 

CO 

cr- 

r— 1 
t— 1 

1—1 

fVI 

in 

(VJ 

sO 
CM 

0 

C 

I— 1 
in 

1—1 
1—1 

in 

CM 

in 

76 


o 

o  o 

o 

o 

o 

o 

c 

o 

o 

o 

1— 1 

(NJ  rn 

<r 

in 

vO 

f^ 

00 

ON 

o 

r-( 

ir\ 

in  in 

in 

in 

in 

in 

in 

in 

vO 

o 

c 

c  o 

c 

o 

c 

o 

c 

c 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

c 

c 

o 

o 

o  o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o  o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 
c 
c 
c 
o 
c 
c 


CNJ 


I 

u 

UJ 

• 

21 

IS\ 

X 

r- 

•* 

if> 

< 

I— 1 

e? 

"v. 

UJ 

. — 

jr 

in 

6 

* 

•^ 

>;< 

2 

o 

Li. 

(X 

1 — 1 

<t 

< 


< 

+ 


Ll! 


M 


a: 


to 


—       o 


to 

in 

-~ 

— 

or 

1/7 

■* 

nj 

<\i 

>- 

< 

\ 

* 

1—1 

» 

>" 

»~ 

>;^ 

'^ 

1— « 

u. 

en 

o 

rH 

X 

m^ 

>;« 

a: 

c> 

•> 

UJ 

;|C 

< 

C) 

on 

z 

e; 

— 

o 

X 

o 

(V 

— 

o 

*-» 

«-» 

^-> 

--. 

DT 

< 

in 

* 

• 

<M 

o 

—<. 

o 

» 

_ 

t—i 

^ 

1 

•^ 

> 

X 

f— • 

to 

^^ 

9^ 

'-^ 

^- 

5: 

I-H 

-~ 

>^ 

U.I 

>^ 

to 

in 

1 

in 

t— 1 

— 

cc:  — 

o 

-) 

Ll_ 

z 

5: 

< 

•^ 

-— 

.—1 

— 

C\J 

UJ  (M 

— 

CL 

o 

CV 

^ 

un 

• 

•^ 

H- 

--> 

51 

>— 

t—  ~ 

C 

1— 

X 

O 

—» 

X 

u; 

< 

^ 

(T' 

vO 

• 

tn 

t— ) 

cm 

21 

+   S 

o 

:^ 

* 

UJ 

V 

u. 

O 

1— 

•^ 

-d- 

\ 

--. 

CO 

or 

>— 

UJ 

ct 

to  (V 

cc 

U.I 

♦ 

• 

>;« 

•k 

* 

v: 

UJ 

o 

^- 

o 

• 

\ 

>— I 

5" 

1- 

U-' 

to  UJ 

< 

z 

,—1 

Csi 

C\J 

*;. 

rH 

^- 

>^ 

z 

2- 

IV 

• 

q: 

o 

O 

u_ 

oc 

— 

1- 

<   h- 

C 

\ 

>— • 

t— 1 

*— 

II 

+ 

3 

II 

-) 

1— 

1— 1 

O 

< 

1— 1 

< 

in 

£>: 

II 

UJ 

II 

^- 

5:  II 

O 

• 

t- 

in 

t— 1 

-> 

^ 

to 

-^ 

_ 

II 

t— 

•— . 

1 

_ 

1 

< 

»~ 

1— 

— % 

u. 

<  — 

i-H 

1—1 

3 

• 

«^ 

3 

<-' 

H- 

1— 

2! 

3 

to 

z 

to 

II 

z 

O 

II 

f— ( 

II 

<\j 

to 

II  i-i 

z 

II 

z 

o 

<\l 

O 

»- 

o 

I/) 

V. 

o 

II 

_j 

q; 

o 

z 

o 

CV 

to 

cc 

Qi 

1- 

— 

to 

w. 

CD 

nH 

I/)  «- 

O 

Di 

to 

q: 

cr 

• 

1- 

II 

r- 

11 

• 

CO 

-~ 

_j 

3 

a: 

U.- 

a. 

< 

to 

3  < 

tO 

s 

tn 

z 

51 

< 

+ 

to  2 

t— 

3 

to 

3 

CD 

u_ 

S 

5 

f— t 

-> 

to 

H- 

o. 

CD 

5: 

s 

.^ 

< 

1— 

i_ 

tx 

q: 

< 

(\1 

II 

z 

q: 

.^ 

z 

<  or 

t— 

< 

1— 

o 

3 

II 

C  3  O 

D 

II 

O 

w> 

u^ 

UJ 

z 

3 

^-* 

o 

U- 

51 

UJ 

U_ 

1— 1 

UJ 

z 

II 

■— 1 

II 

UJ 

u. 

II 

51  UJ 

o 

UJ 

5" 

UJ 

z 

to 

u_ 

O 

«/j 

o 

CO 

u. 

o 

H- 

cr 

q; 

U.I 

to 

o  u 

»— 1 

< 

Oi 

—' 

u. 

1— 

< 

z 

< 

1— 1 

1— 

r-l 

z 

<  h- 

o 

cr 

< 

cr 

UJ 

o- 

in 

vO 

o 

o 

.— 1 

(M 

in 

o 

rH 

rH 

1— 1 

1— t 

CO 

o 

O 

r-l 

in 

1^ 

CO 

77 


o  o 

o 

c 

o 

o 

o 

c 

o 

o 

o  c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c  o 

o 

o  o 

o 

r— 1     f\J 

ro 

•4- 

ir\ 

vO 

r-- 

00 

o 

o 

rH    (\J 

CO 

<J- 

lA 

^o 

r- 

CO 

o 

c 

1— 1 

CNJ 

rf" 

<!- 

LTl    vO 

r^ 

CD  O 

o 

O     O 

o 

o 

o 

o 

c 

o 

.— 1 

.—1  <— 1 

1— ( 

rH 

1— 1 

1—1 

t— 1 

t—t 

r-H 

(\J 

(M 

CNJ 

(N 

CNJ 

(XI   (\J 

(M 

CNJ   CNl 

ro 

o  c 

o 

c 

o 

o 

c 

c 

o 

c  o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o  o 

o 

c  o 

o  o 

o 

o 

o 

c 

o 

c 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o  c 

* 

o  o 

o 

o 

o 

c 

o 

o 

^ 

o 

o  o 

o 

o 

o 

o 

o 

o 

c 

c 

o 

o 

o 

o 

c  o 

o 

o  o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o  o 

o 

o  o 

o 

o 

c 

o 

c 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o  o 

o 

^  UJ 


CC 

»-> 

-— 

CM 

-^ 

1—4 

IXJ 

rsl 

►— ( 

0 

< 

LU 

CD 

CO 

— 

M 

^- 

■^ 

— 

■ — 

— 

< 

^- 

0 

0 

< 

< 

< 

t— 

< 

q; 

Q 

0 

h- 

1— 

CO 

1— 

M 

CC 
C 

-J 

_l 

CO 

CM 

CO 

+ 

—» 

^- 

'~ 

— 

0 

OvJ 

+ 

»-. 

I— 1 

—~ 

■ — • 

1— 1 

CC 

►—I 

0 

-^ 

+ 

< 

t-4 

CD 

CM 

CNl 

CD 

M 

rsJ 

^» 

<f 

LU 

_J 

I— 1 

CO 

>^ 

••^ 

•^^ 

o 

^^ 

— - 

H^ 

•.^ 

— - 

«— ' 

^.^ 

^^ 

< 

-) 

-) 

< 

< 

< 

Q 

0 

_l 

-) 

Q 

> 

t— 

-I 

-I 

I— 

h— 

1— 

•^ 

CC 

1— 

_J 

0 

Q 

(T, 

<S) 

(^7 

CD 

to 

O) 

lO 

CC 

o 

+ 

CO 

CO 

<r 

+ 

Ll_ 

<-> 

.— 1 

I— i 

1 — ( 

,~ 

H-l 

<j- 

<3- 

— 

— 

Q- 

— 

iT 

— . 

a  — 

— 

r-H 

1— 1 

cc. 

CNi 

-~ 

-^ 

— « 

«v 

. — 

1— 1 

—. 

+ 

CM 

•>  ro 

CM 

^^ 

^ 

Li) 

o 

1— i 

t— 1 

f— 1 

q: 

0 

< 

UJ 

_l 

< 

a:  ~- 

~^ 

r- 

r^ 

i/ 

•^ 

»— 

»— 

^- 

a 

— 

-— 

-^ 

■ — ■ 

— 

Q  ~) 

-) 

u. 

Li_ 

•^ 

1—1 

-> 

-) 

-> 

•> 

0 

u 

CO 

-~) 

< 

•<  _1 

_J 

X 

X 

1— 1 

c 

_J 

_J 

_J 

CM 

CC 

0 

X 

_l 

Q 

^  i/l 

UO 

LU 

Lj^' 

M 

•> 

CO 

t/) 

uO 

CD 

M 

_l 

1— 

CO 

_J 

a 

. — 

+ 

4- 

^ 

1—1 

. — 

— 

. — 

4N 

+ 

f- 

iTi 

d; 

a 

CD 

CO 

CD 

1—1 

CM 

--~ 

ai 

r— 1 

M 

^ 

.— 1 

r-( 

i-H 

-~ 

CD 

uO 

r-( 

r-H 

Q. 

vJ- 

^- 

— 

•^ 

Di 

<f 

<r 

<t 

(Nj 

^ 

•> 

+ 

+ 

-~ 

-~ 

0^     .— - 

l-H 

(— i 

1— 1 

»— « 

Q- 

1— < 

r-H 

1—4 

+ 

1 — 

1 — 1 

_J 

<- 

r— ( 

1 — t 

CNJ  ro 

»-- 

m 

iX> 

>- 

9> 

»— 

^- 

«— 

_l 

>- 

CO 

— 

1—4 

CO 

CO 

CO  — 

r^ 

— 

— 

•> 

CN 

r- 

r- 

r- 

^ 

«v 

e 

CM 

— 

«— 

~- 

•>  < 

u. 

Z) 

3 

or 

CO 

u_ 

U- 

Li_ 

3 

cc 

1—1 

CL 

_l 

< 

< 

fH  z 

X 

s: 

51 

>- 

•> 

X 

X 

X 

_J 

>- 

-~ 

^- 

in 

— 

-) 

Q 

t— 

H- 

CD  LU 

LU 

u_ 

u_ 

^ 

1— * 

LU 

UJ 

UJ 

CO 

*> 

1— < 

»— 1 

•^ 

a: 

0 

-J 

C/J 

cO 

» 

+ 

1 

1 

►—1 

en 

+ 

+ 

+ 

,—1 

< 

c 

CM 

c 

►— < 

X 

•» 

X 

•« 

«• 

< 

0 

>- 

•> 

»-— 4 

-~ 

. — 

•> 

D' 

or 

•^ 

0 

1     — 

— 

CV 

> 

— 

■^ 

— • 

CC 

CC 

cc 

< 

r 

1—4 

c 

-- 

^ 

— 

-~ 

»•    r-l 

--~ 

(NJ 

. — 

■^ 

X 

•v 

r-H 

r-H 

1—1 

LU 

LU 

X 

» 

» 

< 

r- 

1—1 

fNi 

1— ( 

r— 1 

q:  — 

m 

m 

1— 

\- 

— » 

o:: 

CD 

CO 

CD 

^/ 

V 

>_• 

i-< 

(\j 

-w 

w 

< 

< 

CO 

03 

>-    r-H 

-^ 

^- 

w. 

■w 

1— 

>- 

«-» 

•^ 

•^ 

'.^ 

.^ 

Q 

CO 

CC'^ 

:s: 

r~- 

~. 

•^ 

«_ 

■^ 

•>  a 

-) 

> 

> 

> 

_J 

#> 

D 

3 

Z) 

< 

< 

o 

^ 

— 

cc 

> 

0 

u 

<. 

> 

—  n 

_j 

o 

Cj 

c 

ID 

►— < 

X 

>: 

5!I 

1— 

t— 

a: 

t— 1 

t— • 

0 

UJ 

0 

0 

1- 

0, 

X  < 

CO 

b- 

Lj- 

u. 

5: 

X 

Ll. 

Lj- 

Lj- 

CO 

CO 

a 

X 

>- 

1— 1 

>— 1 

e 

i/^ 

-J 

_) 

CO 

u_ 

•« 

1— > 

1 

r 

1 

1 

1 

» 

«^ 

0 

Q 

+ 

ct: 

o 

ct 

a' 

cc 

>;: 

* 

-~ 

-~ 

•^ 

X 

* 

»— 

X 

X 

>- 

■— 1 

Ct: 

r— 1 

1—1 

CM 

^^  ^~. 

1— 1 

.— 

— . 

. — 

ct: 

LU 

^» 

^- 

-~ 

^» 

UJ 

' 

.w 

< 

< 

UJ 

+ 

+ 

+ 

. — 

O  CNI 

— . 

o 

.-H 

ct 

1— 

LU 

Z 

o 

CNJ 

CC 

>— 1 

^-. 

^^ 

2: 

2 

2; 

1 

+ 

Z" 

^~ 

< 

—1 

-J 

1—1 

O   CO   (NJ 

+ 

CD 

Q. 

a 

V 

>— 1 

o 

CD 

a 

Q. 

1— t 

CM 

•—1 

cc 

or 

q: 

cc 

t-H 

1 — I 

1—1 

^ 

— 

< 

cc  — 

— » 

cc 

«-» 

■«— 

— 

«— 

1— 

or 

«.- 

— 

»— 

— ■ 

•.^ 

1— 

0 

0 

Q 

0 

1— 

■ — 

■^ 

CNJ 

1— i 

^- 

Q-  < 

< 

Ci 

< 

< 

< 

< 

3 

Q. 

< 

< 

< 

< 

< 

D 

z 

z. 

5r' 

* 

z> 

-> 

< 

Q. 

Ql 

< 

Q 

■z. 

* 

O 

o 

o 

1— 

O 

O 

Q 

O 

2 

z 

0 

Or" 

>— . 

0 

_j 

0 

-> 

-) 

0 

-J  -I 

LU 

Qi 

_l 

_l 

_j 

to 

Qi 

_J 

_l 

_J 

_l 

LU 

LU 

DC 

_l 

_) 

< 

< 

ci: 

CO 

_J 

0 

< 

_J 

_l 

o 

Q  CD 

_J 

0  CD 

_J 

_J 

II 

II 

0  CD 

+ 

Q 

< 

li 

■Z  3 

< 

2:  D 

< 

< 

CC 

1— < 

Z  D 

Z 

u 

t- 

Ll  lO 

u 

Llj  CO 

u 

u  a 

a 

Ll,  CO 

Llj 

CM 


cn 


<    --H 


78 


>- 
< 


>- 

I— 

— .   •  LU 

>  IX  CD 

—   < 

t-  ro 
^  O 
I/)  fv  2: 

z  u 

UJ  H-t  LU 
I/)  5:  2: 

o 

X 

a. 
o 
cr 
u 


uj  q: 

2  UJ 


o 

X 
Q. 
O 

o: 
u 


Q. 


O 

> 


S  ix) 

Z 
LlJ  O 

X 


UJ  UJ 

a:  X 

X  3: 

I-  CO 

►-<  Q  UJ 


> 
< 

UJ 
O  X 


CO  u_ 

--  o 
^-  q: 

<  U.I 
X  I- 

h-  UJ 

•  < 

UJ  >— < 

_l  o 
U- 

U.  UJ 

<  X 
CO  ^- 

uj  z: 
I-  < 
--  X 


UJ 

to  a: 

D  UJ 

u 


CD 
< 


UJ 

X 


UJ  < 

Q  Ct 

—  1-5: 
>    < 

O  u  cr 

or  —  o 

0.0:0 

I-  a: 

_j  u  a 

_l  UJ 

— •  _l  Qi 

3  UJ  < 


5:  Q 
< 

o  < 

O  -I 

a:  > 

Q.  5: 


CO 


U.' 


cr 


CT)  <  CO 

X  U-  X 


u_  ex 

Z  U: 


<  5 

^  X 

o  2: 

I— 

CO  CO 


UJ  h- 

z  o 

<  2: 

_l  U.' 

a  _i 

UJ 

<  > 

< 

UJ   5: 

Ct  Uj  "O 

UJ  X  < 

O  t-  or 
^   X 

en  z  a 

Z  UJ  < 

o 


UJ 

H-  2:  I— 

X  Z  3  O 

h-  ►-  r?  z 


UJ 

o 

3 


UJ 

2: 
UJ 

< 

Z    _) 

— •   a 

CO 

<   ^ 

I-    Q 
< 


U-i 

u 


< 

Q. 

< 

u 

Q 

*^ 

c 

CD 
UJ 

o 

<r 


X  < 

<  u 
2: 

»  o 

Z  UJ 
U_'  X 
H-  U. 

U.  X 

o  < 
2: 

I/)  — 

UJ 

_J  z 

Q.  LU 


o 
> 


cr. 

C 

< 

<!  Z 

K-  O 

<r  »-. 

O  t- 

CL 
U-  •— 
C  X 

KJ  CO 
U.  CO  < 
V^  UJ  — 
Z  C)  CD 
U.I 

3  vt- 
C  • 
U-   o 

CO     •— I 

I 
I 
I 

CO 


UJ 


5^  C 


c<^ 


U- 

o 

CO 
X 
UJ 

o 

or 
o 

r^vJ 


_J  u. 
3  O 

s: 

_j  f- 

<  — ' 

(V  Z 

UJ 

I-  _J 

z  < 

z  ►-  ck: 

o  o 

I-  Z  UJ 
I/)  •-<  H- 

--   z 

a  Q  -- 

•>  U.) 

CO  CO  Z 

<  cA)  — I 

— .  UJ 

OD  q:  >- 

Q.  U 
Q  X  Z 

UJ  UJ  UJ 
—  3 
_)  1-  O 
Q.  CO  UJ 

a  u-i  or 

<  Qi:  u- 


Q 
CO 

z 
< 

Qi 


UJ 

X 


u. 
o 

UJ 

z 

< 

lO 

CO 
UJ 
X 


UJ 


U.I 


CO 
CO 

UJ  2: 

X  3 

I-  Q 

3  UJ 

Q.  2: 


q;   < 

o  2:  X 

2:  3  U 

• — <  UJ 

>-  Q  2: 

cr  UJ  •> 
2"  _i 

o   -- 

U-i  UJ  o 

ce:  X  u_ 
U-  t- 

UJ 
Z  U.  X 
—  O  i- 


Q 


O 


UJ 

X 


UJ 

Q 
Q  O 

z  z 

<  3 

CC  O 

h-   cr 

UJ  u. 
X  o 

1— 

U.  h- 
O  -" 

u 

cf)  O 
CO  _J 
UJ  UJ 
z  > 

u_  - 


X 

UJ 
->. 

X 

< 
•J 
UJ 

2: 

o 


z  z 

U-  ►- 

•—  s 

h-  u. 
1/  •> 

U.  CD 

•■  3 
CO  •— 
CO  O 


DT 


«  _j  r  _j 


UJ  CO  (/) 

u  z  to 

X  U_'  < 

UJ  o  2: 


I—  < 

CT;  (^ 

•^  k— i 

(±  X 

UJ  (- 

u  u 

3  U.! 


a 


> 

z 
u_ 


o 

X 

CO 
crj 


o 

UJ 


3  O  « 


< 
a 

<  ■<. 
2:  L^ 

<  * 

•  CO 

e>  < 

<  CD 

Z  f\ 
O 

2.  O 

2:  < 

O  u. 

<^  X. 


a. 

—  CO 

<J-  — • 

•  Q 
C  "v 
f-i  < 
U  Q. 
O  < 

»  CJ 
C  sje 

•  CO 
CO 
U 


10 

CO 

< 

<-  2: 


o 


z 

UJ 

-J 
< 

> 

3 

o 

UJ 
UJ 

u 

3 

Q 
CO 

z 
< 

a: 


UJ 

X 


Ul 
CD 

U 

CO 

UJ  — 
O  \ 


X  •• 

t—  ~ 

< 

CO  00 

Qi  v: 

UJ  2" 

I— 

UJ  CO 

2:  h- 

<  «- 

a:  z 

<:  3 

a 


o- 

U- 


< 


—    X  < 


—  CD 

h-  II 

<  CO 

2  Z 

ct  or 

O  3 

U.  t- 


X  UJ 
CO  X 
00  < 

^  ro  .^  I— 


C 
> 

CT, 

< 

CO  •— ' 

<  cc 

CC  X 


o 

1— I 
UJ 

Q. 


II 
U 
U 


< 

X 

< 
u 

o 

UJ 

<^J 
o 


o    » 
UJ     • 

a.   o 

I— I     r-* 

UJ 

II   a 


z 

UJ 
UJ 

u 

< 

_J 
a 

CO 


(*-  w 


Q.  CC 
< 

U  X 

^  I — ' 

CO  fv 

ro  — 


X   Z 

CO  — 

O  X 

»  (\j 

in  (\i 


II 

CO 

3 

Q 
< 

X 

X 
UJ 

u 

3 

o 

CO  (T) 
3  Z 
•—  < 
Q  Ct 
<  I- 
X 
X 

♦  o 

h-  .-I 
CO  ^ 


a 


ti 

X 

< 

_j 
>- 
2: 

u. 
o 

CO  CO 
CO  CO 
<  < 
2:  2: 

u. 

X 

♦  in 

t— I  t— 1 

<t  — 


<ri-<3i-<i-<t-<l— <f-< 
c:2:z2:uz2Z2Z2:z2:z2: 

.icy.  ^xx^x-'X^X'^X'-'X 

UjCCtO^CUCCcOCtOCirOCXO 

Q:u.au.uQ-u.au.a.u_au_Q_u_ 


<\j 


in 


f\i 


00  CO 


in 
ro 


CO 


UUUULJUVJUUU»^U   uuuuu 


79 


J- 
in 


LU 


Q. 


I- 


LU 


II 

I/) 
I/) 
UJ 


if)      -. 

(X 


(/) 


<• 


<r  2' 

I  u_ 

(/)  Ixi  (— 
U-J  ^.    (/) 

or       ll 
Li-  T 

CO  (M  in 

vt  w  <r 

k- 

^-  <r  h- 

z:  5:  z 

1—  q:  ►-H 

q:  c  a 

a  u-  a 


< 

< 
X 

u 

LU 


UJ 

to 
< 

X 
Q. 


o 


CO 

o 

UJ 

o 

3 


< 


X 

fO 


o 


>- 
u 

U.I 

3 

o 

UJ 


X 

o 


u 
o 

r— I 


LU 
< 

X 

a 


o 


o   ♦■ 
>  cv 


CD 


o  :s: 

cc   CD 
5^   <-- 


UJ    C\J 
(V    ,-1 

X  O 

O  U.' 

(M  (V 

•   Lu 


O  X 

c  in 


< 


< 

:?:  2;  s. 

ct:  •-,  q:: 

O  en  (D 

Li-  a 


X 

r-H    in 

O   C\J 


7^  ^ 


—       c 


vO  in 

O  iT 

C^  C\; 

C-  I— I 

(N  (VI 

O    r-, 

c  r~- 

►—     •  CO   <f 

to  c    •    • 
Z    II     II     II 

-H  ci:  s:  '-i  <Nj  CO 

Qi  O    —'   -^  —  — 

o  u  u  u 


CT-  c  in 

o  o  nj 

a^  O    r-\ 

in  r-  in 

o  c-  .-f 


o  o 


f\i  oc  oc 
001^ 

vO    >C  I^ 


<J-  00  o 

o  o  in 

oc  O  CM 

o  00  vt 

O  O  (\.i 

u>  c^  <r 

<r  o  m, 

00  O^  O" 


O  o 

O  ^ 

-1  o 

II  o 


U: 


< 

II 


2  C\l  LU 

—  f  > 

*.>»  CO  V 

+  (V'  \r. 

►-I  •  _) 

<  vO  •— ' 


vO 


o  »- 


Ll   CL  U. 


II  II  II 
<J-  lT  v£) 
VJ  U  U 


II  II  II  Q^    II  vO 

-^  -^  ^  <  O  O 

r-  00  o-  I—  z 

^  ~  W  CT;      UJ  O 

<J  <J  KJ  ■^iL^  C 


*    II 


II 


in 


»-  o  c 

II  U_i 

-.'  C  cc 

<  O  u_ 


c 
u. 
cr 

u. 
II 

<r 


LU  O 

5:  or 

O  < 


■V 

to 

LT; 

< 
s: 
< 

• 

11 
<r. 

CO 

< 

< 


Z  O 

K  C 

D  CM 

t—  •• 

*  <!• 

—  O 

CM  CM 

>|<  •> 

lo  c 

D  (\J 

c:i  '- 

<  • 


o 

c 

f — t 

I 

o 

QC 
< 


UJ 

o  on 

CM  Ll) 


II  O 

—   LU  H-  _) 

Z  _J 

U-  o  c  < 

^  cc:  0  u 


< 

Q. 
< 

< 

\±i 
s: 

o 


10 
to 

< 

< 

(M 

* 
CO 

Z) 
»— 1 

a 

< 

* 


en 

* 

_J 
LU 

> 

o 

I 

+ 

I-  X 

u  u 

<   UJ 

UJ  2: 
q:  X 


I 
II 

< 


>t  O  C3 

O  .-I 


o 
o 

CM 


<J-  CO 
O  O 
CM    CM 


80 


Ill 


c 

o  c 

o 

o 

o  o 

o 

o 

o 

c 

rvj  CO 

<1- 

ir\ 

vo  r^ 

00 

o-> 

o 

o 

o 

r-t 

c 

o 

e 

c 

o 

o 

o 

o 

c 

o 

o  o 

o 

o 

o  c 

c 

o 

o 

c 

o  o 

o 

o 

o  o 

c 

o 

o 

o 

o  o 

c 

o 

o  o 

o 

c 

o 

O 
0^ 


u 


o 

Li. 

en 

* 

_l 

lU 

(Nl 

X 

X 

to 

* 

U 

u 

to 

* 

LU 

LU 

LU 

ir> 

2: 

2" 

00 

Z) 

->. 

X 

X 

►-• 

z 

» 

» 

z 

a 

•> 

< 

< 

1— I 

< 

■— « 

0 

0 

a: 

w 

LU 

LU 

Q 

LlI 

5: 

5: 

LU 

* 

1/5 

— 

0 

0 

I— 

^D 

< 

■«v 

•» 

» 

a 

J-H 

X 

» 

Z 

^~ 

Z 

— 

LU 

<J- 

a 

c 

u. 

< 

Ll. 

1— 

U 

i-H 

— 

» 

• 

1— . 

0 

•—* 

» 

u 

•    — 

• 

^-. 

^ 

1— 

u. 

1- 

1— 

< 

rr-   r-^ 

r-H 

c- 

■z. 

Ll 

tr. 

^ 

tO 

_j 

*  V 

1 

• 

9- 

•• 

U- 

6 

U- 

D 

1— 

_J    * 

^» 

r- 

•— I 

X 

#• 

\ 

» 

— » 

to 

0 

LlI  v£) 

— . 

Q 

in 

— 

in 

u^ 

z 

t/) 

t- 

liJ 

z 

>  < 

— 

0 

iic 

0 

1— 1 

to 

u_ 

U^ 

» 

a: 

*    * 

vO 

-^. 

-^ 

< 

» 

< 

►— « 

< 

f- 

•« 

q: 

O    LH 

< 

< 

— » 

5: 

I— i 

5: 

h- 

5: 

_J 

Ll' 

LU 

X  < 

* 

•^ 

0 

CD 

• 

Ll_ 

lO 

Ll_ 

13 

0 

0 

a:    - 

vO 

U. 

•— t 

0 

sO 

» 

Ll. 

» 

to 

0 

Qi 

—  <J- 

< 

0 

1— 

•^ 

U. 

LU 

~^ 

LU 

Ll' 

0 

^ 

0 

+  < 

_ 

1— 1 

< 

-~ 

•> 

Z 

1 

Z 

0: 

Q' 

•> 

to   • 

+ 

0 

a: 

^ 

X 

0 

— 

0 

» 

< 

X 

LU 

U-i  en 

<-> 

0 

^ 

•> 

m, 

ci: 

to 

CC 

LU 

V, 

c 

> 

or  < 

ir> 

_J 

U- 

►— « 

r— t 

» 

to 

to 

—> 

•> 

C 

l- 

0 

— 

1— • 

U-    * 

< 

— > 

z 

■>— 

•• 

1— 

to 

<■ 

LU 

0 

to 

C 

_J 

z 

0 

1— 

~  f\j 

* 

* 

< 

0 

0 

c 

to 

s 

•— I 

c 

I/O 

V 

D 

^— 

C 

< 

*  < 

in 

• 

1— 

LU 

• 

< 

< 

U- 

cc 

in 

< 

•^ 

to 

to 

in 

\D 

<   » 

< 

0 

<: 

cc 

ro 

Uj 

^ 

5|< 

LU 

<NJ  -E. 

X 

LU 

LLI 

r^j 

LU 

CO 

CL   r-t 

•~ 

f\J 

«-» 

U- 

r— 1 

or 

< 

< 

to 

•w 

< 

•> 

oc 

a- 

— 

Z 

CO 

•> 

<   < 

-^ 

11 

in 

II 

Li_ 

#• 

e) 

\- 

•> 

0 

* 

1— 

r— 1 

sO 

» 

c 

U  -' 

U- 

^~ 

< 

. — 

» 

» 

Llj 

c 

UJ 

LU 

e) 

z 

• 

U.I 

X 

» 

(\J 

0 

1—1 

Ji<   o 

»— 

Z! 

V. 

z 

in 

X 

z 

or 

5: 

z 

Z 

d; 

^^ 

CvJ 

z 

Z 

in 

r-l 

•> 

c 

• 

^ 

<  > 

0: 

» 

vO 

9>- 

0 

Lui 

LU 

iT. 

•— 

< 

0 

1—1 

0 

< 

tr 

1 

I-.* 

0 

in 

» 

<J- 

• 

f— , 

in 

O  •— ' 

0 

1—1 

< 

1—1 

1— 1 

D 

D 

•.^ 

h- 

—, 

I— 

1 — 1 

LU 

• 

1— 

1 — 1 

.^ 

rH 

vO 

r-^ 

II 

LU  O 

to 

._ 

II 

_ 

z- 

Z' 

1— 

D 

z: 

II 

Z) 

to 

z 

c 

CC 

r-l 

z 

D 

t/0 

1— 

r-l 

+ 

»^ 

II 

1- 

Z 

^- 

5: 

II 

0 

0 

U-I 

1— 

»— * 

>-• 

< 

0  0 

X 

0 

z  0 

LD 

II 

II 

fv 

0  Z 

< 

II 

0 

— 

0 

■~ 

_J 

ct: 

0 

0  -) 

0 

< 

1— < 

to 

z: 

1— 

1— 

51 

cc 

2 

u 

0; 

LU 

^ 

r-l 

Q^ 

li-- 

_J 

LU  D 

QL 

LU 

5: 

•s. 

z 

X 

z 

c 

D 

3 

v: 

II  —1 

0 

5: 

1- 

<r 

t— 1 

2 

Z 

Ct 

0  CD 

5; 

Ijj  Q 

CD 

5: 

5: 

II 

< 

0 

_l 

Z 

1— 

0   CD  5: 

oc 

< 

II 

•i-' 

'>' 

V 

to 

1- 

•_• 

■d-  < 

2: 

CD 

< 

X 

Ci: 

0  0 

0 

2  D  0 

5:  Z 

3 

1— 1 

0 

c 

II 

0 

< 

0    IJL-' 

Z  3 

»— * 

0 

_l 

0 

U- 

LJ_ 

«— 

LU 

Lu 

li. 

<  u  < 

0 

ct 

a 

CL 

u  u 

u. 

Ll!    I/) 

u 

X  LU 

to  Q 

u 

z 

X 

•^ 

u 

CC 

ct: 

LU  to  Q 

Li_ 

i^ 

1>^ 

^ 

*^ 

1— 

Qi 

q: 

H^ 

in 

vO 

0 

r- 

0^ 

(> 

r-l 

• 

0 

rH    (V 


81 


o 

o 

e 

o 

o 

o 

o 

o 

o 

o  o 

c 

c 

o 

o 

cr 

c 

o 

c 

o 

o 

c 

o  o 

o 

o 

o 

c 

c 

c 

c 

o 

o 

o 

o 

o 

1—1 

(\i 

CO 

<f 

Lr> 

vO 

t^ 

00 

o^ 

C    r-l 

og 

en 

<t 

ir\ 

vO 

r- 

00 

o 

o 

1—1 

CM 

en  <)- 

LH 

^o 

I^ 

CO 

o- 

o 

1 — I 

CM 

CO 

<t 

in 

vO 

c-H 

r— 1 

i—i 

r—{ 

I— 1 

.— t 

t— 1 

r-H 

t— 1 

CM  (NJ 

rvi 

OvJ 

(NJ 

CM 

CM 

CM 

C\J 

CM 

ro 

ff'l 

CO 

CO  fr> 

cr\ 

f<1 

CO 

r^ 

ro 

<)• 

<f 

<r 

<!■ 

<J- 

<^ 

<f 

c 

c 

c 

o 

o 

c  o 

c 

c 

c 

o 

c 

o 

o 

c 

o 

o 

c 

o  o 

c 

c 

c- 

C: 

c 

c 

c 

c 

o 

o 

o 

c 

1 

o 

o 

o 

o 

o 

c 

o 

o 

o  o 

o 

o 

o 

o 

o 

c 

c 

o 

o 

o 

o 

c  o 

o 

o 

o 

c 

c 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

c 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

c 

c 

c 

c 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

c 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

c 

o 

o  o 

c 

o 

o 

c 

c 

c 

o 

o 

o 

o 

o 

o 

+ 


o 

«^ 

c 

(NJ 

L 

1— 
1 

Ui 

.— 

o 

CM 

:>- 

C\J 

0- 

r—i 

< 

+ 

o- 

» 

_i 

CM 

cr 

CM 

o 

V 

»— 1 

»^ 

o 

00 

rH 

o 

» 

••^ 

in 

-> 

o- 

»> 

— 

9« 

m 

.-~ 

1— 

CM 

CM 

■>- 

o 

o^ 

r-- 

o^ 

X 

r— 1 

1 

rH 

* 

«v 

r 

1- 

v: 

-~ 

0^ 

•> 

» 

r-H 

<-* 

1—1 

L^i 

in 

X 

vO 

c 

* 

•^ 

u_ 

O 

o- 

r^ 

r- 

CO 

+ 

u.. 

O 

» 

^ 

CM 

^ 

• 

1—1 

* 

V 

• 

o 

^ 

:? 

X 

^~ 

• 

CO 

u. 

» 

» 

(M 

—» 

— 

CM 

o 

cr 

1— 1 

ir> 

— « 

< 

^-~* 

o 

1—1 

• 

1— i 

i— 1 

CM 

II 

^O 

<f 

—. 

rf 

+ 

? 

II 

-5 

1- 

1 

II 

II 

UJ 

_j 

Ll 

-) 

t— 1 

O 

1 

II 

_ 

en 

(<> 

—v 

CM 

1—1 

(Nl 

1— ( 

II 

2- 

D 

~) 

•^ 

II 

CD   CO 

1— 

2: 

1- 

Z' 

>- 

— 

o 

i^ 

X 

1 

+ 

II 

o 

— 

15 

1 

• 

■ — 1 

— 

1 

— 

-) 

— ;, 

CO 

1— 

h- 

z 

Z>    1 

_J 

cr 

_j 

or 

z 

I— 1 

O 

o 

II 

* 

o 

o 

c 

C) 

-— 

s 

CD  O 

_l  o  o 

CM 

+ 

(NJ 

CM 

o 

(- 

cr 

V 

c 

II 

_J 

ce: 

-1  o 

3 

D 

D 

D 

1— 1 

CL 

z 

vr 

T. 

CM 

z 

51 

-) 

s: 

G 

II 

3  1- 

* 

5: 

s 

1 

CM 

1— I 

(— 1 

H- 

II 

c 

II 

• 

lTi 

— 

3 

3 

*  5: 

to 

1— 

CO 

H- 

£r 

o 

— » 

— 

< 

II 

II 

«— 

II 

II 

5: 

CD 

_J 

CM 

II 

II 

Ll. 

►—1 

— 

II 

2" 

<t 

5" 

I—* 

-) 

l/l 

1— 

CM     II 

LU 

LU 

Lu 

U. 

a 

1- 

u 

Ll 

_J 

O 

o 

U- 

o 

o 

«_ 

3> 

%^ 

o 

II 

o 

(Nl 

II 

'>^ 

u. 

CM 

o 

5 

C 

3, 

II 

O 

«^ 

U_' 

LU 

II   o 

Qi 

q: 

or 
o 

ct 

tn 

tO 

*— ' 

^ 

-) 

51 

*— 4 

5: 

1— ( 

2 

1- 

_J 

1- 

o 

:e 

h- 

H-l 

o 

CO 

c 

c 

Ll 

O 

1— 
O 

cc 

(X. 

LL  2: 
1—1 

0^ 

»— 1 

^o 

r~ 

00 

c- 

1—1 

1— 1 

eg 

(M 

CM' 

CM 

<}■ 

in 

in 

82 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

r- 

CO 

o 

o 

f— 1 

C\J 

CO 

<r 

in 

o 

r- 

CCj 

o 

o 

f-H 

vi- 

o- 

<!• 

li> 

un 

in 

in 

in 

in 

in 

tn 

IT 

in 

vO 

vD 

c 

c 

c 

o 

o 

o 

o 

c 

c 

c 

c 

c 

o 

o 

o 

c 

c 

o 

o 

o 

o 

o 

o 

o 

c; 

o 

o 

o 

* 

o 

o 

c 

o 

o 

o 

o 

c 

o 

o 

c 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

CO 

+ 


(NJ 

..-. 

+ 

^^ 

<M 

X 

•— ■ 

.~ 

w- 

~-' 

CM 

-) 

u_ 

H- 

in 

— ' 

Q. 

* 

•« 

c 

1— 

X 

o 

^- 

X 

Cf^ 

5: 

* 

LLl 

V 

Ll 

o 

V. 

IT. 

» 

• 

* 

» 

* 

V 

U- 

•> 

.—1 

(NJ 

(NJ 

5: 

t— < 

»~ 

>— 

II 

^^ 

»— 1 

— 

II 

+ 

D 

II 

-) 

1— 

•— 

in 

r-H 

in 

r— I 

-) 

S 

(7^ 

~> 

-^ 

II 

I— 1 

-— 

1 

• 

^^ 

^' 

-~^ 

(- 

h- 

o 

+ 

(NJ 

Psl 

(N) 

O 

1— 

o 

CO 

\ 

o 

II 

_J 

5: 

t\l 

•— I 

•— * 

1 

1— 

II 

r- 

II 

• 

CO 

^ 

3 

II 

•— 1 

>— 

II 

ti- 

S 

jr 

l-H 

-> 

«/; 

C\J 

*- 

Ll_ 

(NJ 

ll 

O 

z>  c 

Z) 

II 

O 

^- 

U-i 

2 

or 

-J 

u-  o  CO  c  to  u-  o  1-  K  or  ijj 


X 

h— 4 

KJ 

< 

UJ 

• 

* 

, 

5! 

u"^ 

• 

X 

r- 

CM 

•V 

in 

•.^ 

< 

t-i 

* 

o 

\ 

». 

UJ 

^~ 

•— 1 

5=: 

in 

< 

o 

* 

* 

^ 

^ 

• 

z 

O 

CNJ 

u_ 

ft- 

+ 

•—1 

< 

• 

o 

1— 

w- 

r-H 

f— 1 

(/) 

+ 

_- 

9- 

u_ 

— « 

^ 

o 

» 

• 

\ 

f— < 

CO 

ir\ 

-~ 

» 

CO 

<)■ 

(NJ 

CNJ 

< 

\ 

* 

f— 1 

s: 

1 

'-' 

* 

— . 

u_ 

fO 

o 

1— 1 

^ 

* 

(V 

o 

UJ 

* 

<; 

o 

z 

C» 

.^ 

o 

o 

ty 

—' 

o 

— 

■  — 

(V 

<• 

in 

* 

• 

(NJ 

o 

^ 

»-- 

t— < 

-~ 

1 

1— 1 

if) 

— 

•^ 

-^ 

5" 

UJ  -- 

CO 

in 

1 

iT. 

I— 1 

— 

d: 

.-^ 

z  ^ 

< 

,^ 

— 

r-H 

— 

(NI 

U_l 

CNJ 

o  (>: 

s 

in 

• 

«^ 

1— 

*-. 

51 

^^ 

1- 

_> 

X   LU 

< 

•V 

CO 

vO 

• 

I/) 

r-H 

d; 

2: 

+ 

;°r 

1— 

• 

•d- 

\ 

^-. 

c<- 

or 

^< 

UJ 

cc 

CT) 

CC 

UJ 

(D 

.— 

O 

• 

\ 

►— 

5: 

>— 

U.! 

CO 

UJ 

z  z 

DC 

• 

(T 

c 

O 

U- 

or 

. 

h- 

< 

1— 

c> 

—  o 

< 

i-H 

< 

m 

(V 

II 

U' 

II 

•^ 

5: 

II 

o 

1—  >-> 

1 

^< 

1 

< 

— 

1— 

— 

U. 

< 

»— 

1—. 

Z)  tn 

z 

o 

II 

z 

CJ 

II 

r—' 

II 

CM 

(JO 

ti 

f— 1 

z 

o  z 

o 

DC 

CO 

D;: 

cc 

H- 

— 

CO 

^— 

CC 

t-l 

CO 

^^ 

O  cv: 

(i:  UJ 

5: 

< 

CO 

3 

< 

co 

5. 

CO 

z 

s: 

< 

+ 

if) 

5: 

1-  3 

CD  5: 

i;. 

«^ 

< 

1— 

^- 

q: 

or 

<    (Ni 

II 

z  q: 

^^ 

z 

< 

q: 

t- 

3  — 

O 

U- 

5^ 

U.! 

U- 

t— » 

u 

5:   It 

•— 1 

II    UJ 

u. 

II 

5" 

UJ 

o  u^ 

CO  O 

U 

»— ( 

< 

cc 

in 

U- 

1— 

<  z 

< 

o 
o 

•—  H-    — 

t— t 

1— 1 

z 
o 

r-H 

< 

1- 

KD  CC 

l-H 

I— I  (NJ 

in       in 


CO 
IT 


O 


o 


83 


c 

o 

o 

o 

c 

o 

c 

c 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

c 

o 

c 

o 

o 

o 

o 

o 

o 

o 

c 

c 

o 

c 

t— ( 

(NJ 

C<-: 

<J- 

ir< 

vD 

r~ 

00 

c> 

o 

1— 1 

CNJ 

ro 

<3- 

Lf^ 

vO 

r- 

CO 

0> 

o 

1—4 

f\J 

c<^. 

<f 

iTi 

vD 

r- 

oc 

o^ 

o 

c 

e 

c 

o 

o 

c 

c 

c 

o 

1—1 

I— < 

1— : 

r-H 

1—1 

r— 1 

r-H 

r-i 

I— I 

1— 1 

(M 

(N 

CM 

(\l 

(Nj 

f\i 

CNJ 

fVJ 

C\J 

f\J 

CO 

c 

c 

c 

c 

c 

c 

c 

c 

o 

o 

c 

c 

c 

c 

c 

c 

o 

o 

o 

o 

o 

e 

c 

o 

c 

c- 

o 

c 

o 

o 

o 

c 

o 

c 

c 

o 

o 

c 

c 

c 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

c 

c 

o 

o 

o 

c 

c 

c 

c 

o 

o 

o 

o 

c 

o 

o 

o 

c 

o 

o 

o 

c 

o 

o 

o 

o 

o 

c 

C' 

c 

c: 

o 

o 

o 

o 

c 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

c 

c- 

o 

c 

o 

o 

o 

o 

o 

o 

c 

c 

o 

c 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

c 

c 

o 

o 

o 

c- 

o 

c 

o 

o 

c 

o 

c 

—  UJ 
ISl  •— ' 

—  rsl 
<  — 
t-  < 
I/)  (- 


ffi    f\l   (M 
<    -)   ~) 

I/)  ty"/  t/) 

GO   CO 


r-H    Q^    •-• 

CD   fSl   M 

^ 

«.^  ^^   ^^ 

i-H 

<   <   < 

Q 

>-   1—    1— 

» 

to  I/)  (/) 

or 

Q 

-~ 

f\J 

-~ 

f-i 

CM 

c- 

< 

LU 

CD 

I/) 

o 

o 

< 

< 

< 

ct: 

o 

o 

(— 

1— 

M 

_l 

_J 

CO 

to 

— 

+ 

CD 

■^ 

O 

— « 

rsj 

c 

CNJ 

+ 

— . 

o 

^- 

+ 

< 

.— 1 

<f 

Li_ 

_J 

r-l 

CD 

O  -1  -)  Q  > 

q:  >-  _i  o  Q 

M  CO  to  <   U. 

+  + 


— • 

1— ■ 

<r 

-J- 

'^ 

— 

Q. 

— 

in 

-^ 

a: 

0 

--~ 

-— 

f— 1 

r-H 

Or: 

(NJ 

— . 

^~ 

— . 

•> 

— 

1— 1 

^- 

+ 

CNJ 

U' 

•» 

m 

CNl 

^- 

.»- 

UJ 

Q 

1—1 

r-H 

i-j 

q: 

c 

< 

U.I 

_l 

< 

V 

a: 

>— 

^- 

r- 

r- 

v: 

•» 

'— 

^- 

«— 

a 

w,- 

•^ 

~^ 

— . 

^ 

» 

0 

-) 

-) 

li. 

U- 

#^ 

f— 1 

-> 

-> 

-> 

•« 

0 

u 

CO 

-) 

< 

►- 

•« 

_j 

_J 

X 

X 

t— < 

0 

-J 

_J 

_i 

CN 

D:: 

0 

X 

_l 

D 

M 

>— < 

to 

to 

UJ 

U.I 

M 

» 

to 

to 

CO 

CD 

rNj 

_J 

(— 

IT 

_l 

#v 

0 

^- 

+ 

-f 

•^ 

>— 1 

-^ 

— . 

— 

» 

^-. 

-1- 

or 

#» 

CC 

Qi 

Q. 

CD 

CD 

0" 

r-4 

(NJ 

^- 

-^ 

(VJ 

q: 

r-H 

k; 

•^ 

1— 1 

1—1 

r— 1 

— 

CD 

0" 

p-< 

r-H 

r 

a 

<t 

-— 

^ 

•< 

D' 

<r 

o- 

<!• 

(Ni 

•> 

•> 

+ 

+ 

^ 

— 

^- 

e 

-— 

.— ' 

.— 1 

I— 1 

I— 1 

D. 

1— 1 

1—1 

r^ 

+ 

I—I 

r- 

_J 

<r 

r— 1 

1—1 

> 

CNJ 

r«^ 

— 

CD 

CD 

>- 

•» 

— 

— 

•^ 

-J 

>- 

tO 

^- 

1—1 

CD 

to 

«> 

OJ 

— ■ 

r- 

^- 

—' 

•^ 

CNJ 

r- 

f^ 

r^ 

^. 

«« 

•^ 

CNl 

— 

^- 

>— 

q: 

#< 

< 

u. 

3 

D 

Q:: 

CD 

u. 

u_ 

u_ 

-^ 

cr. 

1— ( 

Q- 

_i 

<r 

< 

> 

1—1 

Z. 

X 

5: 

5: 

>- 

•« 

X 

X 

X 

_J 

> 

— 

— » 

CD 

^- 

-) 

Q 

(- 

1— 

#« 

CO 

LU 

UJ 

u. 

U- 

•V 

I— 1 

UJ 

UJ 

UJ 

t/^ 

* 

»-H 

»— 1 

«> 

a: 

0 

_J 

OO 

to 

•— < 

#^ 

+ 

1 

1 

•—1 

CD 

+ 

-1- 

+ 

>— < 

< 

0 

CNJ 

c 

x: 

•— • 

X 

tf' 

X 

«> 

«v 

< 

0 

«< 

>- 

•^ 

►— < 

—. 

—. 

«^ 

Cd 

cr 

r 

c 

D:: 

1 

— 

— 

q: 

>- 

^- 

^-. 

— 

cr 

or 

Cf 

< 

0 

1— 1 

t 

^-. 

— 

.-~ 

— . 

X 

#v 

>—i 

^- 

CN, 

— 

. — 

X 

0- 

1—1 

1—4 

1—1 

UJ 

U-i 

X 

•> 

^ 

< 

r- 

t—t 

CNl 

r-H 

r-H 

— 

a' 

•w 

r^ 

CD 

t— 

I— 

>^ 

cc 

CD 

CD 

cc 

\^ 

vr 

•.^ 

1— I 

fNI 

•-' 

— 

< 

<r 

to 

CD 

o 

>- 

r— 1 

»^ 

«^ 

>^ 

^— 

1— 

>■ 

.^ 

'W 

._> 

•^ 

w 

0 

CD 

CD 

5^ 

r-- 

~^ 

w- 

-^ 

_ 

> 

#■ 

Cl 

-) 

> 

> 

> 

_i 

#«■ 

z> 

D 

D 

< 

< 

0 

9* 

•> 

Ct 

> 

0 

u 

< 

> 

>— 1 

»— 

-) 

_J 

C 

d 

c 

D 

»~-l 

Si 

51 

? 

1- 

h- 

D^ 

t— 

1—1 

0 

u 

C 

c 

1— 

0 

o 

X 

< 

ly; 

t— 1 
0 

u_ 

1 

u_ 

u_ 

5: 

X 

U- 

1 

uJ 

1 

u. 
1 

iT) 

cr> 

CL 

X 

>- 

Z 

CT) 

_J 

-J 

to 

u. 

o 

X 

* 

-~ 

X 

X 

>- 

1— . 

Cf 

^H 

1—1 

CNJ. 

ct 

U: 

i^. 

. — . 

>— c 

— 

. — 

. — 

Di 

U.I 

•^ 

^~ 

^~ 

^-. 

Uj 

w 

•^ 

< 

< 

UJ 

-1- 

+ 

+ 

«— 

< 

2: 

0 

fV' 

— 

c 

r— ( 

(Y 

I— 

UJ 

z: 

c 

(NJ 

nr- 

►-H 

— 

-~ 

Z 

:?: 

5: 

1 

+ 

z 

-~ 

< 

_J 

_l 

1-H 

•Sw 

1—1 

0 

CC. 

CNJ 

+ 

CD 

CL 

a 

V 

•— • 

0 

DG 

a 

a 

1—1 

CNl 

f— 1 

rx 

Cd 

ex 

a 

1—1 

1—. 

f— * 

«^ 

— ' 

< 

• 

(— 

ct 

^- 

'-' 

d: 

^- 

~' 

>— 

— 

1- 

q: 

— 

^^ 

'»' 

w 

Oi^ 

H- 

0 

0 

a 

Cl 

1— 

~- 

•^ 

CNl 

1—1 

w 

f-H 

Z)  a 

< 

< 

c 

< 

< 

< 

< 

Zj 

Q. 

<f 

<r 

<. 

< 

<■ 

D 

2 

zr 

* 

>:« 

D 

-) 

< 

Q. 

Q. 

< 

II 

Z 

0 

0 

z 

>>: 

0 

0 

0 

h- 

0 

C, 

0 

0 

z 

z 

0 

d: 

1— 1 

C 

_J    C 

-) 

-^ 

0 

CO 

cn 

ct 

_l 

_J 

Uj 

a: 

_l 

_J 

_i 

l/; 

Q:: 

_j 

_l 

_j 

_i 

UJ 

UJ 

CK 

_j 

_j 

< 

< 

or 

CT) 

_J 

0 

< 

_J      • 

CO 

3 

cc 

_J 

c 

0  m 

_j 

0 

nD 

.J 

_i 

II 

II  e 

CD 

+ 

0 

< 

1-  Q 

_J 

< 

II 

Z  D 

< 

z 

D 

< 

< 

0: 

"-  z 

Z) 

z 

51 

UJ  z- 

to 

u 

»- 

U-l    CT; 

u 

UJ 

CT; 

u 

^w/ 

Q. 

Cl   Uj 

«/. 

UJ 

< 

or  UJ 

in 


(NJ 


cf> 


84 


INITIAL  DISTRIBUTION  LIST 

No.  Copies 

1.  Defense  Documentation  Center  20 
Cameron  Station 

Alexandria,  Virginia  22  314 

2 .  Library  2 
U.S.    Naval   Postgraduate  School 

Monterey,  California  93940 

3.  Naval  Ship  Systems  Command  1 
Navy  Department 

Washington,  D.C.  20360 

4.  Professor  Alan  B.  Coppens  1 
Department  of  Physics 

U.S.  Naval  Postgraduate  School 
Monterey,  California  93940 

5.  LCDR  G.  L.  Palatini,  USN  1 
USS  BOSTON  (CAG-1) 

C/0  Fleet  Post  Office 
New  York,  New  York  09501 


85 


UNCLASSIFIED 


Security  Classification 


DOCUMENT  CONTROL  DATA  •  R&D 

(Stourlly  etmamiUcmtion  o/  tttlt,  body  ol  mbmtrmel  and  indmmlng  annotaHon  mumt  b»  untufd  iWimi  th«  owmrmll  report  <•  elmatllimd) 


I.  ORIGINATIN  C  ACTIVITY  (Coipormlm  muthor) 

Electronics  and  Communications  Engineering  Programs 
U.S.  Naval  Postgraduate  School 


2a.    HCPOMT  aeCUNITY     CLASSIFICATION 

UNCLASSIFIED 


2b    anoup 


3.  REPORT  TITLE 

Electro-acoustic   Properties  of  Mylar  Dielectric  Underwater  Sound  Transducers 


4-  OCSCRIPTIVE  NOTES  (Typm  ol  loport  and  Incfuaiv*  dmtom) 

Thesis 


B-  AUTHORfSJ  (Lmmt  naato,  Hrmt  nmmo,  MUmI) 

PALATINI,   Glenn  L. 


6.  REPOfrr  DATE 


7a.    TOTAL  NO.   OF    PAOES 


84 


7b.  NO.  OF  RKFS 

14 


8a.  CONTRACT  OR  6RANT  NO. 


b.    PROJECT  NO.  H/A 


d. 


ta.   ORiaiNATOR*a  REPORT  NUMBERfSJ 


•  b.    OTHER 
tfiia  fapoi 


m^ 


REPORT  NOfS;  (Any  othor  num^m  0tmt  mirl^  kaaijaMt^ 

aocuBent  has  ^;f  ^f/trttution  .^  -■ 


T^'T    oaJi 


10.  AVAILABILITY/LIMITATION  NOTICES 


yelea 


--S  a'-v 


MwsCWpWMPMil 


1lkit>^ 


11.  SUPPLEMENTARY  NOTES 


12.  SPONSORING  MILITARY  ACTIVITY 

Naval  Ship  System  Command 
Navy  Department 
Washington,  D.C.  20360 


13-  ABSTRACT 


DD  /.?-""..  1473 


UNCLASSIFIED 


Security  Classification 


87 


UNCLASSIFIED 


Security  Classification 


14- 


KEY  WORDS 


LINK  A 


NOUK 


LINK  B 


ROLK 


WT 


LINK  C 


ROLB 


WT 


Transducers 

Underwater  Sound  Transducers 
Electrostatic  Transducers 
Solid  Dielectric  Transducers 
Mylar  Dielectric  Transducers 


INSTRUCTIONS 


1.    ORIGINATINQ  ACTIVITY:    Enter  the  name  and  address 
of  the  contractor,  subcontractor,  grantee,  Department  of  De- 
fense activity  or  other  organisation  Ccoiporate  author)  Issuing 
the  report. 

2a.    REPORT  SECURTY  CLASSIFICATION:    Enter  the  over- 
all security  classification  of  the  report.    Indicate  whether 
"Restricted  Data"  is  Included    Marking  is  to  be  in  accord- 
ance with  appropriate  security  regulations. 

2b.    GROUP:    Automatic  downgrading  is  specified  in  DoD  Di- 
rective 5200. 10  and  ArmedJ^orces  Industrial  Manual.   Enter 
the  group  number.    Also,  wtien  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author- 
ized. 

3.  REPORT  TITLE:    Enter  the  coii4>lete  report  title  in  all 
capital  letters.    Titles  in  all  cases  should  be  unclassified. 
If  a  meaningful  title  cannot  be  selected  without  classifica- 
tion, show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:    If  appropriate,  enter  the  type  of 
rMort,  e.  g. ,  interim,  progress,  summary,  annual,  or  f iiud. 
Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AUTHOR(S):    Enter  the  na8ie(s)  of  authoK*)  as  shown  on 
or  in  the  report.    Enter  last  name,  first  name,  middle  initial. 
If  aulitary,  show  rank  and  branch  of  service.    The  name  of 
the  principal  author  is  an  absolute  minimum  requirement. 

6.  REPORT  DATE:    Enter  the  date  of  the  report  aa  day, 
month,  year,  or  month,  year.    If  more  than  one  date  appears 
on  the  report,  use  date  of  publication. 

7«.    TOTAL  NUMBER  OF  PAGES:    The  total  page  count 
should  follow  normal  pagination  procedures,  Le.,  enter  the 
number  of  pages  containing  information. 

7b.    NUMBER  OF  REFERENCES:    Enter  the  total  number  of 
references  cited  in  the  report. 

8a.    CONTRACT  OR  GRANT  NUMBER:    If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

8b,  8c,  fli  M.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc.  - 

9a.    ORIGINATOR'S  REPORT  NUMBER(S):    Enter  the  offi- 
cial report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.    This  number  must 
be  unique  to  this  report. 

9b.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
assigned  any  other  report  numbers  (either  by  the  originator 
or  by  the  eponeor),  alao  enter  this  numberCs). 

10.    AVAILABILITY/LIMITATION  NOTICES:    Enter  any  lim- 
itations on  further  dissemination  of  the  report,  other  than  those 


imposed  by  security  classification,  using  standard  statements 
such  as: 

(1)  "Qualified  requesters  may  obtain  copiea  of  this 
report  firom  DDC" 

(2)  "Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorised. " 

(3)  "U.  Si  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC    Other  qualified  DEC 
users  shall  request  through 


(4)     "U.  S.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC    Other  qualified  users 
shall  request  through 


(5)     "All  distribution  of  this  report  is  controlled.   Qusl- 
ified  DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  aale  to  the  public,  indi- 
cate this  fact  and  enter  the  price,  if  known. 

11.  SUPPLEMENTARY  NOTES: 
tory  notea. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (paj^ 
ittg  lor)  the  research  and  development    Include  addretts. 

13-    ABSTRACT:    Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re- 
port.   If  additional  space  is  required,  s  continuation  sheet  shall 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports 
be  unclassified.    Each  paragraph  of  the  abatract  shall  end  with 
an  indication  of  the  militaiy  security  classificstion  of  the  in- 
formation in  the  paragraph,  represented  as  (TS),  (S),  (C),  or  (t/). 

There  is  no  limitation  on  the  length  of  the  abatract.    Hew- 
ever,  the  suggested  length  is  from  150  to  229  words. 

14.    KEY  WORDS:    Key  words  are  technically  meaniagfVil  terns 
or  short  phrases  that  characterise  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.    Key  words  must  be 
selected  so  that  no  security  classification  is  required.    Identi- 
fiers, such  as  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  ss  key 
words  but  will  be  followed  by  an  indication  of  technical  con- 
text.   The  assignment  of  links,  rales,  and  weights  is  optional. 


Use  for  sdditional  eiplana- 


Ud 


FORM 

1   JAN  •-« 


1473  (BACK) 


UNCLASSIFIED 


Security  Claasiflcation 


88 


\ 


i 


